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CHAPTER  I 
THE  PROBLEM  AND  ITS  HISTORY 

1.  Problem 

This  study  is  an  investigation  of  the  old  question  of  whether 
the  fast  learner  is  the  better  retainer  or  whether  the  saying  "Easy 
come,  easy  go, ' '  more  nearly  describes  the  relation  of  speed  of  learn- 
ing to  retentivity. 

The  specific  problem  considered  here  is  the  relation  between  the 
learning  of  visually  presented  paired  associates  and  the  retention 
for  a  definite  interval  of  time  of  those  pairs  which  have  been  learned 
completely.  In  the  measurement  of  speed  of  learning  two  factors 
are  involved,  time  to  learn  the  material,  and  amount  of  material 
learned.  Either  one  of  these  factors  may  be  held  constant  while 
the  other  varies.  Hence  there  are  two  methods  which  have  ordi- 
narily been  used  in  attacking  this  problem.  In  the  first  method, 
all  subjects  are  allowed  to  learn  the  material  completely,  the  speed 
of  learning  being  determined  by  the  time  necessary  to  learn.  In 
the  second  method,  equal  opportunity  is  given  for  all  subjects  to 
learn  the  material,  and  speed  of  learning  is  measured  by  the  amount 
of  material  learned  in  a  constant  time.  In  this  investigation  both 
of  these  methods  have  been  followed  with  certain  improvements  in 
experimental  and  statistical  procedure.  In  addition,  a  third  method 
has  been  employed  which  avoids,  in  part  at  least,  the  difficulties 
inherent  in  the  others.  All  three  of  these  methods,  and  the  results 
from  previous  experiments  employing  them,  will  be  considered 
briefly. 

2.  The  Method  of  Equal  Amount  Learned 

In  the  method  of  Equal  Amount  Learned,  the  time  to  learn  the 
material  is  the  variable  and  the  amount  of  material  learned  is  the 
same  for  all  subjects.  This  method  sets  up  conditions  which  favor 
the  slow  learner1  in  recall.  When  the  material  is  learned  com- 
pletely, there  is  always  an  opportunity  for  overlearning  of  those 
parts  which  are  learned  first.     For  instance,  in  the  case  of  paired 


1  The  terms  fast,  average  and  slow  learners  refer  to  groups  the  limits  of 
which  are  determined  by  the  standard  deviation  of  the  distribution  of  learning 
scores.  ' '  Slow  learners ' '  are  those  subjects  whose  scores  range  from  the  mean 
-  la  to  -  3a ;  ' '  average  learners ' '  have  scores  between  the  limits  of  the  mean 
±  la;  " fast  learners ' '  have  scores  from  the  mean  +  la  to  +  3a. 
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associates,  the  response  to  one  stimulus  may  be  given  by  the  subject 
on  the  first  trial.  Since  this  pair  is  seen  again  on  each  successive 
trial,  there  is  an  opportunity  for  it  to  be  learned  more  and  more 
completely.  However,  the  pairs  learned  on  the  last  trial  are  not 
seen  again ;  and  so  although  they  may  be  learned  to  the  point  where 
a  correct  response  can  be  given,  there  is  no  opportunity  for  more 
thorough  learning.  Overlearning  differs  with  the  subjects,  but 
usually  occurs  more  frequently  in  the  slow  learners.  The  fast 
learner  is  at  a  disadvantage  when  tested  for  recall  since  he  has  seen 
fewer  exposures  of  the  material. 

The  relevant  results  from  earlier  studies  with  the  method  of 
Equal  Amount  Learned  are  summarized  in  Table  I.  A  criticism 
which  may  be  made  of  the  studies  of  Radossawljewitsch  (Table  I,  5), 
Lyon  (Table  I,  8),  Myers  (Table  I,  9)  and  Henmon  (Table  I,  10) 
is  that  overlearning  of  the  entire  selection  was  not  prevented.  In- 
stead of  testing  the  subjects  at  regular  intervals,  they  gave  a  test 
only  when  the  subject  considered  the  material  completely  mastered. 
Undoubtedly,  some  subjects  were  more  cautious  than  others  and 
learned  the  material  more  thoroughly  before  being  tested.  The 
number  of  subjects  is  very  small  in  the  studies  by  Ebbinghaus 
(Table  I,  1),  Ogden  (Table  I,  4),  Radossawljewitsch  (Table  I,  5), 
Henmon  (Table  I,  10),  and  Luh  (Table  I,  13). 

Experimenters  using  the  method  of  Equal  Amount  Learned  may 
be  more  conveniently  considered  in  two  groups :  those  who  measured 
the  units  recalled  after  the  interval  without  any  relearning  and 
those  who  measured  retention  by  relearning  only.  Correlations  of 
either  measure  with  learning  scores  are  influenced  by  the  experi- 
mental condition  of  overlearning  described  above. 

When  units  recalled  after  the  interval  were  considered  in  relation 
to  learning  scores,  Pyle  (Table  I,  7)  found  that  the  slow  learner  has 
no  advantage  and  Lyon  (Table  I,  8)  that  the  fast  learner  was  defi- 
nitely better  in  retention.  Correlations  by  Lyon  (Table  I,  8)  and 
Luh  (Table  I,  13)  show  a  tendency  for  fast  learning  to  be  associated 
with  a  large  number  of  units  retained.  The  overlearning  of  the  slow 
learner  which  has  been  discussed,  lead  us  to  expect  the  opposite; 
but  results  from  these  three  earlier  investigations  Pyle  (Table  I, 
7),  Lyon  (Table  I,  8),  and  Luh  (Table  I,  13)  which  considered 
recall  scores,  show  that  the  fast  learner  is  the  better  retainer  in  spite 
of  his  disadvantage. 

The  investigators  who  considered  only  the  relearning  scores  and 
the  per  cent  saved,  Ebbinghaus  (Table  I,  1),  Muller  and  Sehuman 
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(Table  I,  2),  Whitehead  (Table  I,  3),  Ogden  (Table  I,  4),  Rados- 
sawljewitsch  (Table  I,  5),  Busemann  (Table  I,  6),  Henmon  (Table 
I,  10),  Vlai'eou  (Table  I,  11),  Smith  and  McDougall  (Table  I,  12) 
conclude  that  the  fast  learner  relearns  more  rapidly  than  the  slow 
learner,  but  does  not  save  as  great  a  per  cent  in  relearning.  White- 
head (Table  I,  3)  is  the  only  one  who  concludes  that  the  slow  learner 
needs  fewer  repetitions  to  relearn  but  his  figures  do  not  substantiate 
his  conclusion. 

Correlations  between  learning  and  relearning  are  influenced  by 
two  experimental  conditions.  First,  overlearning  would  make  it 
possible  for  the  slow  learner  to  relearn  more  rapidly  than  he  learned, 
hence  a  large  per  cent  saved  would  tend  to  go  with  slow  learning. 
But  there  is  another  fact  to  be  considered.  A  subject  who  is  a  fast 
learner  probably  would  relearn  rapidly  anyway.  Hence  a  positive 
correlation  between  number  of  trials  to  learn  and  number  of  trials 
to  relearn  may  not  be  the  result  of  good  retention  by  the  fast  learner, 
but  rather  of  rapid  relearning. 

Instead  of  correlating  speed  of  learning  and  retention,  the  subjects 
may  be  divided  according  to  learning  ability,  and  the  retention  of 
fast,  average  and  slow  learners  compared  as  Lyon  (Table  I,  8)  does. 
In  such  comparisons,  however,  we  should  not  employ  original  scores 
as  raw  scores  do  not  fall  along  a  scale  of  equal  units.  Hence  direct 
comparison  of  losses  by  different  groups  and  at  different  stages  of 
learning  cannot  be  fairly  made.  Sigma  scores  avoid  at  least  the 
error  of  unequal  steps  in  difficulty,  though  they  do  not  avoid  the 
other  difficulties  mentioned. 

3.    Method  of  Equal  Opportunity  to  Learn 

The  method  of  Equal  Opportunity  to  Learn  holds  the  time  for 
learning  constant  for  all  subjects,  while  the  amount  of  material 
learned  in  that  time  varies  with  the  ability  of  the  subject.  In  a  fixed 
time,  the  fast  learner  learns  more  than  the  slow  and  so  has  a  chance 
to  recall  more.  The  slow  learner  can  recall  only  a  small  amount,  as 
he  learned  only  a  small  amount.  Hence,  when  retention  of  the 
material  is  tested  after  a  given  interval  (in  order  to  measure  delayed 
memory)  the  retention  score  in  absolute  units  will  favor  the  fast 
learner  in  the  methods  usually  employed.  However,  this  is  not  true 
of  Norsworthy's  procedure  (Table  II,  4). 

The  details  of  the  procedure  and  results  from  earlier  relevant 
studies  which  employed  this  method  are  given  in  Table  II.  Most 
of  these  studies  have  measured  the  relation  between  the  factors  in- 
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vestigated  by  means  of  correlation.  In  the  studies  by  Thorndike 
(Table  IT,  2  and  3),  Norsworthy  (Table  II,  4),  Boswell  and  Foster 
(Table  II,  6),  J.  Peterson  (Table  II,  7),  Gates  (Table  II,  8),  and 
Brown  (Table  II,  9),  in  which  disconnected  material  was  employed, 
the  correlations  are  positive  and  quite  high  except  in  two  cases. 
Boswell  and  Foster  (Table  II,  6)  obtained  a  negative  correlation 
when  the  attitude  of  the  subject  was  for  temporary  retention ;  but 
no  relation  was  shown  when  the  attitude  was  for  permanent  reten- 
tion. However,  the  results  of  this  study  cannot  be  applied  very 
generally  as  they  were  based  upon  the  records  of  only  a  few  sub- 
jects. The  correlations  calculated  from  J.  Peterson's  data  (Table 
II,  7)  for  passive  attitude  are  also  low.  In  the  studies  by  Henderson 
(Table  II,  1)  and  Gates  (Table  II,  8)  where  the  proportion  retained 
of  the  material  originally  learned  (instead  of  absolute  score)  is 
correlated  against  the  number  of  items  learned,  the  results  are  lower 
but  still  positive. 

With  connected  material,  Henderson  (Table  II,  1),  Pyle 
(Table  II,  5),  Gates  (Table  II,  8),  Gordon  (Table  II,  10),  H.  A. 
Peterson  (Table  II,  11),  obtained  correlations  which  are  all  posi- 
tive and  high.  When  proportion  retained  or  per  cent  retained  is 
correlated  against  number  of  items  learned,  the  correlations  are 
positive,  but  lower  than  corresponding  correlations  for  absolute 
scores. 

The  conclusion  reached  by  these  earlier  workers  is  that  the  fast 
learner  is  the  better  retainer.  This  finding  may  be  an  artifact 
since  the  experimental  set-up  of  the  method  of  Equal  Opportunity 
is  such  that  correlation  hardly  gives  an  accurate  picture.  The 
reason  for  this  is  the  advantage  already  considered  (page  12)  that 
the  fast  learner  has  in  retention.  Because  of  this  advantage  the 
correlation  between  absolute  scores  would  tend  to  be  positive. 
Previous  studies  bear  this  out  quite  consistently. 

There  is  another  objection  to  the  use  of  correlation  between 
learning  and  retention  scores.  This  is  the  inaccuracy  due  to  errors 
of  measurement.  Thorndike  (31)  and  Syrkin  (28)  have  shown 
that  when  initial  scores  are  correlated  against  gain,  the  correla- 
tions are  more  negative  than  would  be  the  case  if  the  measures 
used  were  free  of  chance  error.  Thorndike  (31)  demonstrated  this 
by  setting  up  hypothetical  data  in  which  there  was  no  correlation 
between  original  score  and  gain.  Applying  random  errors,  he 
obtained  a  negative  correlation  between  original  scores  and  gain, 
although  there  had  been  no  correlation  in  the  ' '  true ' '  scores.    When 


14 


LEARNING  AND  RETENTION 


i 

o 

En 

>H 

E-i 

t-i 

& 
Eh 
« 
O 

o 

«i 
t> 
<y 

6. 
O 

Q 
O 

W 

Ei 

w 


w 
W 
E-t 

g 

5 
P 

w 

►-( 
03 
W 

0. 

X 
H 

in 
t> 
o 

i 

a 

Ah 

6, 
O 


5 

a 

CO 


i 

to 


to 


o 
•«* 

*^ 
S 
to 

to 

ft* 


o 

to 


to 


to 
to 

&2 


on 

I  « 

Tt<    CM 


ce- 

CO 


CO 

5 


a> 


^  -H    „   oo   »h  JS 

■C  » -2  1  |  g  2 
r<  h  +i  co  >  cs  p4 


DO  , 

H    h    9)    O 

—  £^  9 


oo 


£ 


CD  c? 
•g  CM  -£    B    cS 


o  o> 

55  a 


*3  PI 
m  -a 

h  s 

CO 

CD 

H3  co 


to  a 

bo  <o> 

cS  X) 


CO 

cs 
Ph 

C3 
« 


CO 


8  J 

■CtH 


»  c3  g  a> 

M"r5  3 

S  .1      Ph 

J*  '  00  _ 

fe  c3  '*-* 

3  T3  O    p 


^0    In  •*- 

o^  2 

■a  p<"  .a 

co  "     .  -S 

00    p 
00  ,rH   -*J 

a>  — '  oo 


cS 


so 


> 

■  — 


"  u  o 

o  o 

CO 

5  a  o 

CO  .i-c  -*J 


00     DO 

A 

o 

00 

S3 

s 

rQ  ■— ' 

H 

+J 

«0  HJ 

d 

DO 

ua 

n 

CD 

>rH 

T- 

+j 

S5 

0 

.71 

4) 

U> 

rB      P 

hi 

oc 

>H        I 

CD    cj 
CO 


c: 


^       2      TO      fH 

B        a 


B   f©    00    t-> 


00 

bd 

00     00 


B^a  - 

cS    ?o    B 


6 


w 


B  Jg 
o>  01  ^ 
h  bog 


^^-S^ 


s 

B  -^ 


2    B    B 

5  oo  a  o  o 

5   to   S 


3  =3  s  os  a,  a 

t>Wco"Dc5rOo!icooo 

w  oa      i-i  i— i 


B 
TS 

i-l  CM 

CM         CM 


1- 
to 

e 

to 


to 


b  55 
°  S 

00  Oi 
^<  rH 
CD 

B  O 


w 


00 

CD  o 

a  cm 

cm" 


LEARNING  AND  RETENTION 


15 


=0 

to 

PS 


cs 

3 
u 

-4-J 


13 
CD 

g 
■ 

9 

v 

N 

00 

o  > 
£   op 

©••* 

££  l~ 

8*28 

p  t3  ^^ 

d    flHH 

c3    *    " 

3  -M  K3  00 
O    CO      •      • 

II 

_g  aj 

■§  a 

O  "H 

u 


S3 
Ph 


"0 

a> 

>H 

OJ 


00 

3 


f-i     00 
0J  +a  i^ 

§§<3 

O    a5  rH 

A  co 

O    cj  +j 

•rt     J)     «1 

■£  *  » 

Co         •«-» 

f— <  JJ 

£  3 -^ 
B  §  £ 


g 

s 

V   cs 

■  8 

S 


OJ 


'S  "o?  CO  fr- 
K   to  »>  -^ 


>^>  ^-*  ,— .  /^-» 
*-4    to  t~  ID 


00  <o 
t~  CO 


OB 

-O 

T3 

S 

3 

>H 

a 

CO 

p-> 

0J 

-O 

no 

US 

OJ 

3 

T3 

o 

O  «t-l 

h 

(*) 

0 

PI 

OJD 


oo 

f— I 
CO    « 


00 

Ph 

3 
O 

bO 


O  «Jj 

«M     C« 

9* 

.3  T) 

*»  s 

to   O 

•-.  w 

•rH      0J 

Phoq 


a  d  o 

•™    O    tJ 

Ts  be 

r!  oo  rt 

•<r>  ->-i  r™ 


£ 


<M  CO 
©  © 

-  +i  +i 

S?  «o  o 

£  •>.  *: 


oj  42 

a  « 

3*S 


Ph 

3 


fl  §  ft  3 
co  8*° 

o  >*£  bo 

sl  M,2 

O  co  +i   3 

_C0    OJ  -rt    OJ 

■3  afrc« 


to 


oo 

I-. 


oo    _. 
aj  «  <t3 


B    111 

g  n  m  +s  a 


00 

I 


H 
PQ 
H 


T3 
to 
S 
S 

8 


to 
to 


s 

e 

to 

%-» 

o 

o 
to 


o 

0J  o 

i3  ja  cq 

OJ  ■" 


^ 

£> 


*H    ffl    q)    3 

o  a  ° "?  ^  »  ^ 

»  h  .2  S  -S  ?  ® 


00  S-l 


SP 


CO  T-S 


gs 

rrt    0J           » 

Teste 
anoth 
after 
in  ten 

i=l 

CO 

3 

OJ 

M 

OJ  (M  rQ  ic 


.sga 


I  a 

0J  .r-i 


00 

°  E? 

cm   ej 
«-i 

o  m 

M 
qj«W 

3  co 
02 


(H    oo  > 

O    0J  0J  rrt 

05  fi    OJ 

-       .13    CO 

P    CO  CO  ^ 

o^  a, 

ocy  bo 


oo  na 

P->  QJ 

«  p 

OJ 

> 

0J 

(-1 


13 
+-• 

00 

n 


OJ  qj, 


CO 

00 

<& 

^col 


m 


3  * 

*l 

•  rH 
*P     OJ 

CO    & 

S  J^ 

oj  fc" 

CO    OJ 
00     CJ 

2    3 


to 


^ 


oo 

O    o 

■S   -  o 

.2«cj 

i— t  i— i    OJ 


■   "S   3 

111 

S3H  > 


3 


00 

to 
to 
•«^ 
-o 
8 


3 
CO 

o 


00     .     K 

-*f     CO     00 

00 


<M  . 


a 

& 

^a  3 

3 

o   aj 

r> 

§£ 

(O 

CO 

tH 

Ol 

rH 

®  lO 

^(M 

Ph"" 

to 


s 
to 


to 
« 


<J>, 


rS 


OS 
r^  H 

3^ 
o  o 

^3  CO 

co 


O  i-l 
00   ^^ 

H  O 
O  (M 


>o 


16 


LEARNING  AND  RETENTION 


a 

po- 
ol 

E-t 


T3 
to 

S 


3 
to 
ft* 


53 
s- 

to 
to 

J5 


o 

to 

to 

to 

to 

ft* 


66 

i 

<» 

o 

O 

rC 
to 
to 


59 

S^CM 
O 


00 


^ 


OJ  00  r-l  '-, 

3 
J 
1 
3 


HNO> 

co  io  w 


t>  iH  oo   9 

<m  ^  P 
o 


OS 

I 

cS 
o 

Oh 

Eh 


(3 
J  rt-  ^  w> 


Rh 

Oi  CO 

cfl 

CM  Cvl 

rd 

B 

c? 

o  b- 

« 

to 

I-l  © 

io 

o 

+1+1 

r3 

T3 

to 


OOJOlfll 

S  ©  o  © 

l+i+i+i 

>  -*  CO  TjH 
H^      •      •      • 


to  fQ 
£    to 


o  o  o 


a 


co 


to 
to 

to 
*«■» 

rO 

s 

CO 


CO  b-  00    Vrrt 
w  Th  lO   s3 

o   o 
£<  > 

<t)    o 

3*a 

bo  3 


CU 

s 


^  oo  co   °3 

CO  CO  3 
'I 


-ll+l+l+l 

p^coooco 

to 


ccoiooca 

O  O  r-J  O  O 

+i+i+i+i+i 

fflWWHO 


•>#  CO  ■*  CO  •■* 
©  ©  O  O  © 

+i  +i  +i  +i  +i 

Htoaoo 

00  00  b-  00  00 


CM 


W£ 


M 


MP* 


Pt  Pi+?  » 

0   0-3^ 
H  *-  c 

o 

o 


Pi 

<3 

0 

•<o 

00 

ts 

CO 

i 

/-*s^V/^\ 

^-N  /•" \  /-^  /— \  ^-> 

to    03    03    03 

91  si   0}  n   a} 

a> 

1, 

^£,3 

^        1-,         tH         1_         ^ 

,q^  r=l  43  43 

*-  ■*  CO  CO 

■<*(  CO  CO  -*  CO 

k» 

V»*'> ''^•N S\^*/ 

12 

00  to  *# 

00  CO  IO  ■*  CO 

J 

1 

cm 


£ 


1 


3 

© 
eo 


2 

3 


o 


43     1  CD 

^^   S   °  S 


1 


fcx- 
(3 


10  to 


p  © 
&- 

CJ  'O 

o 
a 
a 
a 


oe 


to 

•■5.2 

A  CD 

CD    OQ 

M  e 

an    fe 

P 
S3     . 

II 


C 

s 


_2  °  -t-5 

^  +*  2 

0  cd  .t; 

-<-»  ■  ~ 
03 


.•3 

-0^3 


O    O 


^<HtH+» 


1  F 


CD 
9 

3 


<»3 


M  1         03 

«    ;g   ,C    00      03    "3 

H  pq    t>  ,3    53  iH    CD 


s? 


I 


CNJ 


CD  _§ 
(3  »° 

03  p; 

S  b 

O   oj 


.2g 
pq 


■«>» 

&3 


3 
cS 


03 

fe- 
ci 

EH 


CM  CJ 
iH  CM 


CD 

00  rQ 

I     03 

_  co  S 

C3i         ^ 


CD 

OOra 

J.  °J 

g  — bfi 

CM 


to 


to 


CO 


rH   o  a> 

CD  f=H  H 

O    3  iH 

pq  d^ 

CO 


CO 


O  rH 


co 


5  CM 

Cm" 


00 

1—1 

03  H 

00* 


LEARNING  AND  RETENTION 


17 


3 


a 


t>  CO 

°? 
8 

e 

JJ  CO  CO 
^  00  00 

© 
a  a 


"3 .9 1 

<U  CO 

-00  rH 

"*  «W  - 

■K>     O   ~ 

*■  > 


«3 


c« 
cd 


to 

CO  i 


.5«>co 


00  CM 


CD 

O  1*5 


Mi 


*a 


CO  00 
CO  t~ 


O  CM 
fr-  O0 


■<*  CO 
t~  00 


T3 
Ph?£ 


CM  O  CM  i-t 
■*  t~  U5  t~ 


M  M  h-t  t> 
i—i  i—i  r. 


e 
?> 

-Si 
8 


00 

CO    3 
H    § 

o  a 


00 
C? 

I 

CO 


g^ga 


oo 

CD 

CD 


3 

8 
•** 

e 

o 


8 

o 
8 

P3 


OS 

8 
•<s> 

8 

e 
O 

© 


!Sj 


CD    <D 

cm' 


a>  co 
T3   etS         oo    cd        'T3  .— c 

^l=g§2    gig's 
CO 


HD    CD 


CD  — 


fltfl 
•rH     (?  -rH 


bC  CD 


n3 

cS 

s 


rrt    CD  -f^> 

,.    H  O    CS 

*-*      •*  „ 

i>     H     00  CD  P* 

cci  ci   s  f* 
H  rH 


CD    *►> 

CD  .S 
CD 


d 

£  a  ,2  <s 
g  3 

da 


S  'etj 

O   o 

CJ     CD 


ojoS 

,2.3 


^1M.^ 


CD    CD    co 


■a  - 1 1 


f-< 
o 


00 


cS 

•  rH 

CD  +J 


=0 
8 


CO 


CD    rt  "^ 

6H)g  ftrH  pi,^    ftO 

H  S  o  «H  o        o 

O  S  Si  t-l  t* 


o 
u 


CO 


s 
<o 


CO 


OS 


CM 

<35 


lO 
CM 

O  >H 

o  00 


18 


LEARNING  AND  RETENTION 


°o 
to 

ft* 


•  *t3 
to    5 

S  gooowoo 
.0  -5  oo  oo  oo  co 


fi  *>•  rH  CO  ■*  ■<# 


ci  oo  o;  o 


4 


*-     «  CXI  CO  t>;  OJ  «M 

!»,  °°  <M*  id  N  t-^    © 

?>    gNHr' 


^S5 


to 

O  >P  l—J  C5  i— I 

g  id  os  •*'  oi 

(MHH 


CG 


P 

S 
p 
P 

cq 

© 

+i 

CO 


to 

©  , 

to 

oo 


^  rH  CM  CO  "tf 


:  ftn  H  IO  H  w 

;  ^  t^  rJH  CO  l-i 

j  t«^  00  Tt*  CO  to 
^  t-'  IP  CO  i-H* 


p 

•3 

P 
.  © 


5s    ,"    SlOlONOl 

■rt  ^  '£  ffi  O  N  N 
^         *■         i— I  .-I  i— 1 


^ft$ 


to 

o 
to 

=0 


£  -j  oo  t~  t~  © 
g  fs  to  -*  CO  OJ 

k 

Ob  &. 

§  ito  *  *>  <=>-  "-1 


CJD 

a 


b-  lO  ■**  <M 


+  1 

n 

n  $ 


HNW* 


o> 


1 

a 

P 
P 

© 


o  o> 

|§ 

b  X  i 
Ij 

CD    P 

to* 

■s  s 

o 
3 

CO 


g 

I 
■if 


©  ■*  ©  CO 

ocoin-* 
<M 


O  CO  o  oo 

oaoca 
ira      tH 


oo  a 

O    <D 

«i 

rH 

b-  © 


1 


'ow 
P 

P 
p 
«0 

•c 

ce 

P* 

I 
O 


1 

Pi 

I 
5 


co   op   in 

Cj     CC     Cj 
■"O  <"3  <"0 


-^  OO  <M 
05  rH  C3  "^ 

fill 

S  «?  a  s 

C  J  -u   ^  -m 

©  p  p 

p    (H    (h    m 


to 


$ 

It 


* 


CO    to    CO 

S    CC    ^ 
re*  r^  rH 

•*  00  CXI 
iH  CXI  «* 


m 

PQ 

H 


T3 

to 
s 

to 


P 
••o 

to 

e 

to 
to 
to 
ft* 


1 

m 


3 


5   P  j  ci 


eg 


S 


H 


o5  t» 


a 

V, 

o 
o 

•*o 
to 

in 


J3  +1 


3«H 
<D    O 


1.1 

_.  -13 

*>  s, 

a  ^ 

Pn-I 

^2 

2  & 

p  g 

o   PI 

M 

12 


P   P 
co  en 


1 


W    to    P 
P    P    P 

a  1 

p  -g 


"H  .S  4? 

'      rP 


I 


(15  r(3 
P  <D 
P    t-i 

s  i 

to 

p 


4»    •     U 

P   P 


CO 


P 


P  2 

P   o 


CD 
CO 

p 


ci  bX)  3 

_  P-it;) 


o 


.2  .&  «  S  4= 


I 


J  * 

p^  p 

P  ^?^3 

»  ^ 
P  u  P 

P    O    P 
CT1  5P  T3 


1  S 
m 

P      P 
P      P 

^  "P 

§  ©  © 

O    P-l  <B 

ill 

ctp-ip 


to 
t^ 
e 


i 

%  p  p  KJ!  S 

ci   to  ©  f3   rH 


g.& 


S'5'H  b  p 


^§l^p 


ti 


60 
to 
to 

to 
•^ 


0X1  p  -rj  ■r->  , 

•g  ^  p  ,m 

rP     ©     P     CS 


to 


50  -f^   p 


to 


to 


to 


CD 
| 

fin 


<J  IP 
(M 


oq 


LEARNING  AND  RETENTION  19 

the  correlation  is  between  initial  score  and  loss,  errors  of  measure- 
ment would  tend  to  make  the  correlations  more  positive  than  the 
"true"  relation.  The  reason  for  this  can  be  more  clearly  seen 
from  the  following  formulas: 

Correlation  between  Correlation  between 

initial  score  and  loss  initial  score  and  gain2 

Oa  —  rAB  OB  _  rAB  •  Ob  —  Qa 

Ta(A-B)  = rA(B-A)  - 

O(A-B)  O(B-A) 

A  =  initial  score  A-B  =  loss    (final   score  less 

B  =  final  score  than  initial  score) 

B-A  =  gain  (final  score  more 
than  initial  score) 
Tab  =  reliability  coefficient 

When  the  correlation  is  between  initial  score  and  loss  and  the  relia- 
bility coefficient  is  small,  the  product  rAB  oB  will  be  small  and  the 
numerator  large.  The  correlation  is  then  more  positive  than  it  would 
be  were  rAB  larger  and  the  test  more  reliable.  For  the  correlation 
between  initial  score  and  gain,  a  low  reliability  reduces  the  numer- 
ator, and  may  make  it  negative ;  hence  the  correlation  is  more  nega- 
tive than  it  would  be  with  more  reliable  measures. 

Because  of  correlational  difficulties  the  method  of  dividing  the 
group  into  fast,  average  and  slow  learners  and  comparing  the  average 
retention  scores  of  these  groups  is  often  employed.  The  use  of  origi- 
nal scores  for  this  may  be  criticized  (page  12)  on  the  ground  that 
the  units  of  the  scale  are  probably  unequal.  Scaling  the  data  in 
sigma  units  permits  comparison  of  losses,  since  the  absolute  losses 
being  measured  in  equal  units  are  at  least  comparable.  But  sigma- 
scaling  does  not  eliminate  the  difficulty  arising  from  the  fact  that 
subjects  reach  different  points  in  their  learning,  so  that  retention 
must  be  measured  from  different  bases. 

4.    Method  of  Adjusted  Learning 

Another  method  of  presenting  the  material,  used  by  Woodworth 
(34),  may  be  called  the  method  of  Adjusted  Learning.  By  this 
method  the  retention  of  pairs  of  words  learned  on  different  trials 
by  the  same  subject  was  studied.  Woodworth  found  that  those  pairs 
learned  first  by  an  individual  were  the  ones  most  often  retained  over 
a  period  of  time.  He  concluded  from  this  that  quick  learning  in  an 
individual  tends  to  favor  retention. 


2  Hartshorne  and  May  (9). 
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Woodworth's  procedure  was  to  read  pairs  of  Italian  words  and 
their  English  equivalents  to  the  subject,  one  pair  at  a  time.  The  sub- 
ject was  tested  immediately  after  presentation  to  determine  how 
many  pairs  had  been  learned  on  the  first  trial.  All  Italian  words, 
to  which  the  correct  response  was  given,  were  removed  from  the 
series.  The  remaining  pairs  were  then  read  and  the  subject  tested 
immediately.  Again  the  pairs  to  which  the  correct  responses  had 
been  given  were  removed.  Presentation  trials  and  test  trials  alter- 
nated until  all  the  pairs  had  been  learned  but  by  this  method  a  pair 
to  which  the  response  was  correct  was  not  read  on  any  succeeding 
trial.  In  this  way  all  the  subjects  completely  learned  the  material  or 
learned  it  at  least  up  to  the  same  point,  without  having  an  oppor- 
tunity to  overlearn  any  of  the  pairs.  The  chief  disadvantage  of  this 
method  is  that  when  most  of  the  pairs  have  been  learned,  only  two 
or  three  are  left  for  presentation.  These  are  tested  immediately,  and 
probably  recalled  because  they  were  so  recently  presented ;  but  they 
might  not  be  as  thoroughly  learned  as  the  others.  This  difficulty 
might  be  avoided  by  having  a  given  number,  rather  than  the  com- 
plete list,  learned  by  all  of  the  subjects.  With  this  modification, 
Woodworth's  method  seems  to  avoid  the  difficulties  inherent  in  the 
other  methods  described.  We  have  employed  it,  therefore,  to  check 
the  results  obtained  by  the  other  two  methods. 

5.    Plan  of  Present  Study 

Realizing  the  difficulties  inherent  in  the  two  methods,  Equal 
Amount  Learned  and  Equal  Opportunity  to  Learn,  we  have  em- 
ployed both  methods  with  similar  material  and  procedure  in  the 
hope  that  one  might  substantiate  the  other.  In  addition,  we  have 
further  checked  our  findings  by  the  method  of  Adjusted  Learning. 

If  the  three  methods  agree,  it  may  be  considered  conclusive 
evidence  for  the  relationship  indicated  by  the  results.  However, 
since  the  experimental  conditions  of  the  methods  of  Equal  Amount 
Learned  and  Equal  Opportunity  favor  the  slow  and  fast  learners, 
respectively,  we  shall  expect  results  indicating  better  retention  in 
the  group  favored,  provided  there  is  no  initial  difference  in  the 
memory  capacity  of  the  two  groups.  To  obtain  agreement  of  these 
two  methods,  then,  the  results  from  one  of  them  must  be  contrary 
to  expectation.  Such  an  outcome  would  be  strong  evidence  for  the 
relation  indicated  since  the  phenomenon  would  be  manifesting  itself 
in  spite  of  the  experimental  conditions  against  it. 


CHAPTEE  II 
THE  METHOD  OF  EQUAL  AMOUNT  LEARNED 

1.  The  Method 

In  the  method  of  Equal  Amount  Learned  the  subjects  were 
allowed  to  learn  all  the  material  to  the  point  of  one  perfect  repeti- 
tion. The  time  for  learning  the  material  varied  according  to  the 
ability  of  the  subject,  giving  a  measure  of  speed  of  learning.  The 
measures  of  retention  employed  were  (1)  the  number  of  items  re- 
tained (i.e.,  items  recalled)  after  the  five  day  interval,  and  (2)  the 
number  of  trials  to  relearn  the  material  after  five  days. 

This  experiment  is  very  similar  to  those  carried  out  by  previous 
workers  (pages  7  to  11)  with  slight  changes  in  method.  It  is  in- 
cluded here,  in  spite  of  its  disadvantages,  for  comparison  with  the 
other  two  methods  discussed  in  later  chapters. 

2.  The  Subjects 

The  subjects  for  this  experiment  were  Barnard  College  students 
who  were  taking  the  two  laboratory  courses  in  psychology;  and  a 
few  students  from  other  psychology  classes  who  volunteered  to  be 
subjects.  Complete  records  were  obtained  from  54  students.  The 
experiment  was  carried  out  during  the  regular  laboratory  periods 
for  the  two  classes,  and  the  other  students  came  at  scheduled  times. 
Procedure  and  conditions  were  similar  throughout,  and  the  same 
experimenter  served  for  all  groups.  As  no  statistically  reliable  dif- 
ferences were  found  between  the  learning  or  retention  of  the  dif- 
ferent groups,  all  results  were  combined  and  the  entire  54  cases 
treated  as  one  group. 

3.  Materials 

The  material  to  be  learned  consisted  of  paired  associates  in  which 
one  member  of  the  pair  was  something  that  could  be  written  easily. 
Paired  associates  were  selected  as  this  material  is  better  adapted  for 
testing  the  progress  of  learning  than  is  a  continuous  list.  Discrete 
stimuli  to  which  the  subject  is  to  respond  are  provided  so  that  scoring 
of  partially  correct  lists  is  avoided. 

Presentation  material  was  mounted  on  cards  made  of  heavy  white 
cardboard  of  sufficient  size  to  allow  wide  margins  and  good  spacing 
for  the  material.     The  letters  and  numbers  used  were  two  inches  in 
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height  cut  from  black  paper.  (Willson's  gummed  letters).  Three 
types  of  stimulus  pairs  were  selected  in  order  to  obtain  a  range  of 
material  and  to  allow  comparisons.     They  were  as  follows : 

1.  Word- word  pairs :  four  letter  English  words  with  no  obvious 
association  between  a  pair.  Examples  are :  busy-plum ;  lamp-rule. 
There  were  fifteen  pairs  in  the  series. 

2.  Form-number  pairs  :  simple  black  line  geometrical  figures  ap- 
proximately three  inches  square  and  two-place  numbers.  Examples 
are :  outline  cube — 97 ;  square  with  circle  overlapping  one  corner — 89. 
This  series  consisted  of  ten  pairs. 

3.  Color-letter  pairs :  three  inch  square  each  half  of  which  was  a 
different  color  and  a  meaningless  two  letter  combination.  Examples 
are :  red  and  black — SG ;  orange  and  brown — HQ.  The  colors  were 
cut  from  Dennison's  gummed  papers  as  far  as  possible  but  other 
kinds  of  paper  were  used  to  get  sufficient  variety.  The  colors 
selected  were  red,  orange,  green,  blue,  violet,  purple,  brown,  black, 
pink,  grey.     There  were  ten  pairs  in  the  series. 

The  number  of  pairs  in  each  series  was  determined  after  a  pre- 
liminary experiment  on  a  few  subjects.  The  original  plan  was  to 
have  longer  series  but  it  was  not  practical  in  the  time  at  our  disposal. 

4.    Procedure 

Subjects  were  requested  not  to  discuss  the  material  or  review  it 
during  the  interval  between  learning  and  recall.  They  were  also 
told  that  their  retention  would  be  tested  at  a  later  time.  It  was 
hoped  that  this  information  would  create  a  more  uniform  attitude, 
since  it  has  been  found  (1  and  23)  that  retention  differs  if  the  atti- 
tude at  the  time  of  learning  is  for  permanent  rather  than  for  tem- 
porary retention. 

The  word-word  series  of  paired  associates  was  learned  first. 
Each  pair  was  shown  to  the  subjects  by  the  experimenter  for  three 
seconds,  the  time  being  regulated  by  a  metronome  set  at  60.  After 
the  series  had  been  presented,  the  cards  were  shown  so  only  one 
word  was  seen,  the  other  being  concealed  by  a  cover  card.  Response 
words  were  written  by  the  subject  on  the  mimeographed  sheet  pro- 
vided, five  seconds  being  allowed  for  each  response.  In  this  way 
progress  of  learning  was  tested  and  the  first  trial  on  which  all  re- 
sponses were  given  correctly  was  determined.  Presentation  trials 
were  alternated  with  test  trials  until  everyone  in  the  group  had  com- 
pleted the  learning  of  the  series.     The  score  was  the  number  of 
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presentation  trials  necessary  to  learn  the  material  to  the  point  where 
all  the  responses  on  one  trial  were  correct. 

After  each  trial  the  subjects  who  had  completely  learned  the 
series  were  asked  to  leave  the  room.  Completion  of  learning  was 
determined  by  checking  the  papers  of  all  subjects  who  had  made  a 
response  to  each  stimulus  on  that  trial.  Each  subject  checked  her 
own  paper  against  a  key  of  the  responses  in  the  order  in  which  they 
should  appear  on  the  test  paper.  In  order  to  decrease  the  possi- 
bility of  learning  during  the  checking,  only  the  response  member  of 
each  pair  was  given  in  the  key.  A  possible  source  of  error  lay  in  the 
fact  that  in  some  cases  the  learning  time  of  a  subject  may  have  been 
shortened  by  the  fact  that  she  corrected  her  own  paper. 

Checking  the  responses  against  a  key  necessitated  a  previously 
determined  order  of  the  cards.  The  arrangement  of  the  series  was 
different  for  each  trial  so  that  no  pair  had  the  continued  advantage 
of  primacy  or  recency.  The  changing  order  also  made  it  impos- 
sible for  any  subject  to  learn  the  responses  as  a  list  rather  than  as 
members  of  pairs. 

Since  each  subject  learned  the  material  to  one  perfect  repetition 
and  then  withdrew,  there  was  no  overlearning  of  the  complete  list. 
This  procedure  did  not,  however,  eliminate  the  probability  of  over- 
learning  the  pairs  first  learned. 

After  the  word-word  series  had  been  learned  by  all  the  subjects, 
the  form-number  series  was  learned  by  the  same  procedure ;  and 
following  this  the  color-letter  series  was  learned.  The  time  required 
by  a  group  to  learn  the  three  series  was  about  an  hour  and  a  half. 

Five  days  later  the  material  was  relearned.  The  first  trial  at  this 
time  was  a  test  trial  to  determine  how  many  correct  responses  could 
be  recalled  without  any  relearning.  The  material  was  then  learned 
to  the  point  of  one  perfect  repetition,  the  procedure  being  similar 
to  that  in  the  learning  period.  The  word-word  series,  the  form-num- 
ber series  and  the  color-letter  series  were  taken  in  order.  The  time 
necessary  for  the  second  part  of  the  experiment  was  about  three 
quarters  of  an  hour. 

5.    Results 

Three  measures  of  memory  were  taken  :  (1)  the  number  of  trials 
necessary  to  learn  each  series  to  the  point  of  one  perfect  repetition ; 
(2)  the  number  of  correct  responses  recalled  after  the  interval  of  five 
days  without  any  relearning;  (3)  the  number  of  trials  required  to 
relearn  the  material  to  one  perfect  repetition  after  five  days. 
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a.  Analysis  by  correlations. — The  most  frequently  used  statis- 
tical device  for  determining  the  relation  between  two  variables  is 
the  coefficient  of  correlation.  The  results  obtained  from  correlations 
in  this  study  are  shown  in  Table  III. 

TABLE  III 

Method  of  Equal  Amount  Learned 

Correlation  of  number  of  trials  to  learn  and  retention  scores  after  five  days 

Eetention  measured  by  number  of  pairs  retained  and  number 

of  trials  to  relearn.     Correlations  are  between  raw  scores 

N  =  54  Barnard  College  students 

Number  of  Trials  to  Learn 
Correlated  VS 


Material                                  (1)  (#) 

Number  of  Pairs  Number  of  Trials 

Retained  After  to  Relearn  After 

Five  Days  Five  Days 

Word-word    -.02  ±  .09  .36  ±  .08 

Form-number    .08  ±  .09  .15  ±  .09 

Color-letter    -.13  ±  .09  .21  ±  .09 


First,  there  are  the  correlations  between  number  of  trials  to  learn 
and  number  of  pairs  retained  (i.e.,  number  of  pairs  recalled).  If 
slow  learners  are  better  retainers  than  fast  learners,  we  should  ex- 
pect, other  things  being  equal,  to  find  a  high  positive  correlation  be- 
tween number  of  trials  to  learn  and  number  of  pairs  retained.  Con- 
trariwise, if  fast  learners  are  the  better  retainers,  we  should  expect 
a  decided  negative  correlation  between  these  two  variables.  How- 
ever, the  condition  of  overlearning,  inherent  in  the  experimental 
method,  works  against  a  clear-cut  result.  If  the  slow  learner  has 
superior  ability  to  retain,  overlearning  should  increase  the  already 
positive  correlation  between  number  of  trials  to  learn  and  number 
of  pairs  retained.  But  if  the  fast  learner  is  the  better  retainer,  over- 
learning  (by  the  slow  learner)  should  decrease  the  already  negative 
correlation  between  the  two  variables,  bringing  it  to  zero  or  to  a 
small  positive  value. 

The  correlation  between  number  of  trials  to  learn  and  number  of 
pairs  retained  found  in  this  experiment  are  given  in  Table  III, 
column  1.  These  correlations  are  negative,  small  and  unreliable. 
It  seems  reasonable  to  assume  that  overlearning,  working  against  the 
fast  learner,  was  not  strong  enough  to  produce  positive  correlations 
except  in  the  form-number  material ;  but  was  sufficiently  strong  to 
cut  down  the  significant  negative  correlation  which  would  have 
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given  us  a  clear-cut  result.  Hence,  the  evidence,  though  decidedly 
meager,  is  in  favor  of  the  thesis  that  the  fast  learner  is  the  better 
retainer. 

The  correlation  between  number  of  trials  to  learn  and  number  of 
trials  to  relearn  is  shown  in  Table  III,  column  2.  If  the  slow  learner 
is  the  better  retainer,  the  correlation  here  should  be  negative  (many 
trials  to  learn,  few  to  relearn).  But  if  the  fast  learner  is  the  better 
retainer,  the  correlation  should  be  positive  (few  trials  to  learn,  few 
to  relearn).  Neither  of  these  two  opposed  results  comes  out  clearly 
in  our  data.  The  first  difficulty  seems  to  be  that  the  fast  learner, 
without  actually  having  better  retention,  may  simply  relearn  faster 
than  the  slow,  just  as  she  learned  faster  originally;  this  influence 
would  make  for  positive  correlation.  The  second  difficulty  arises 
from  the  fact  that  overlearning  may  cause  the  slow  learner  to  re- 
learn more  readily  than  she  would  were  this  factor  absent;  this 
makes  for  negative  correlation.  Thus  these  two  influences  operate  at 
cross  purposes,  the  first  making  for  positive  correlation  and  the 
second  for  negative  correlation ;  the  first  working  for  the  fast  learner, 
the  second  for  the  slow. 

The  correlations  in  Table  III,  column  2,  are  positive,  but  reliable 
only  for  the  word-word  series.  The  fact  that  they  are  at  least  posi- 
tive offers  evidence  in  favor  of  the  fast  learner  as  the  better  retainer, 
but  unfortunately,  this  evidence  is  not  conclusive. 

b.  Analysis  by  comparison  of  groups  differing  in  learning  ability 
in  terms  of  number  of  pairs  lost  in  the  five  day  interval. — Since  corre- 
lations are  difficult  to  interpret  because  of  complicating  conditions 
inherent  in  the  experimental  set-up,  another  method  of  analysis  was 
employed.  The  entire  group  was  divided  into  subgroups  according 
to  initial  ability  in  learning  the  material.  Divisions  were  based  on 
the  average  of  the  group  and  the  standard  deviation  of  the  distribu- 
tion for  each  type  of  material.  Average  learners  were  taken  to  be 
those  whose  scores  lay  between  the  points  ±  one  sigma  from  the 
mean  of  the  group ;  fast  learners  were  taken  to  be  those  whose  scores 
lay  between  +  1  sigma  and  +  3  sigma ;  slow  learners  were  those  whose 
scores  lay  between  - 1  sigma  and  -  3  sigma.  These  divisions  give 
us  three  groups  within  which  the  range  of  ability  is  equal,  each  cover- 
ing two  sigma  of  the  distribution.  Retention  scores  for  each  group 
were  computed  in  the  following  terms:  (1)  average  number  of  pairs 
lost  (i.e.,  forgotten)  in  the  five  day  interval;  (2)  the  per  cent  of 
pairs  lost  in  the  five  day  interval;  (3)  average  number  of  trials  to 
relearn.     The  differences  between  the  groups  in  all  these  measures 
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were  then  compared  and  the  significance  of  the  differences  deter- 
mined statistically. 

Sigma  scales  were  constructed  for  learning  scores  and  for  number 
of  pairs  recalled  so  that  differences  in  retention  could  be  compared 
on  a  scale  of  equal  units.  In  transmuting  the  original  scores  into 
sigma  scores,  the  mean  was  set  at  50  and  the  S.D.  set  equal  to  10. 
The  group  was  subdivided  on  the  basis  of  learning  scores  in  sigma 
units  and  retention  in  sigma  units  compared. 

Results  in  terms  of  the  number  of  pairs  lost  (i.e.,  forgotten)  dur- 
ing the  five  day  interval  are  shown  in  Table  IV  for  original  scores 
and  Table  V  for  sigma-scaled  scores.     More  pairs  are  lost  propor- 

TABLE  IV 

Method  of  Equal  Amount  Learned 
Number  and  per  cent  of  pairs  lost  in  the  interval,  for 

entire  group  and  subgroups 

(Method  of  sub-dividing  entire  group  discussed,  page  25) 

Original  Scores 

Number  of  Pairs 
Number  of  Number  of         Lost  in  Interval  ^er. cent  °f 

„  ,  .    .  *        Pairs       Pairs  Lost 

subjects       Learned  S.B.ofdis-      m  Interval 

tribution 

Word-word 

Slow  9  15  5.00  2.54  33.33 

Average  41  15  5.39  2.60  35.93 

Fast    3  15  2.00  1.63  13.33 

Entire  Group  ...  53  15  5.13  2.66  34.20 

Form-number 

Slow  15  10  4.93  2.29  49.30 

Average  34  10  5.12  2.26  51.20 

Fast  3  10  5.67  2.06  56.70 

Entire  Group  ...  52  10  5.10  2.26  51.00 

Color-letter 

Slow  14  10  5.28  2.28  52.80 

Average  35  10  5.14  2.46  51.40 

Fast  3  10  2.67  1.25  26.70 

Entire  Group  ...  52  10  5.04  2.43  50.40 


tionally  in  the  form-number  and  color-letter  series,  showing  that 
those  pairs  which  have  no  meaning  are  harder  to  retain.  When  the 
percentage  of  pairs  lost  in  the  interval  is  considered,  the  fast  learner 
loses  a  decidedly  smaller  per  cent  in  the  word-word  and  color-letter 
material,  in  original  scores  (Table  IV).  For  the  form-number  mate- 
rial all  groups  lose  very  nearly  the  same  proportion.  The  sigma- 
scaled  scores  (Table  V)  show  a  similar  situation  although  these  dif- 
ferences are  not  as  great.     There  can  be  no  doubt  but  that  in  the 
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TABLE  V 

Method  of  Equal  Amount  Learned 

Number  and  per  cent  of  pairs  lost  in  the  interval  for  the 

entire  group  and  subgroups 

(Method  of  sub-dividing  group  on  basis  of  learning  discussed,  page  25) 

Sigma-scaled  Scores 

Number  of  Pairs 
Number  of  Learning  Lost  in  Interval  p^jfrlo/ 

Subjects        Score  „  ~     .  ,. 


Mean 


Pairs  Lost 
in  Interval 


tribution 


Word-word 

Slow  9  71  20.22  9.80  28.48 

Average  38  71  22.13  8.45  31.17 

Fast  6  71  12.50  7.85  17.60 

Entire  Group  53  71  20.72  9.14  29.18 

Form-number 

Slow  8  69  19.87  11.23  28.80 

Average  41  69  18.46  9.22  26.75 

Fast  3  69  21.00  9.42  30.43 

Entire  Group  52  69  18.83  9.60  27.29 

Color-letter 

Slow  10  69  18.80  5.93  27.25 

Average  35  69  20.66  10.38  29.94 

Fast  7  69  10.43  5.58  15.12 

Entire  Group  52  69  18.92  9.76  27.42 


word-word  and  color-letter  series  the  fast  learner  retains  a  larger 
per  cent  than  the  slow  learner  in  spite  of  the  advantage  that  the  slow 
learner  has  from  overlearning.  In  the  form-number  series  the  fast 
and  slow  learners  lose  approximately  the  same  amount  although  the 
fast  learner  had  learned  the  material  less  thoroughly. 

Differences  in  retention  are  shown  in  Table  VI.  Positive  dif- 
ferences indicate  a  greater  loss  for  the  slow  learner,  negative  differ- 
ences a  greater  loss  for  the  fast  learner.  The  comparison  of  the 
groups  by  pairs  shows  that  the  slow  learner  has  the  greater  loss  in 
about  half  the  comparisons.  The  significance  of  these  differences 
was  first  determined  by  the  usual  method  of  the  critical  ratio 
(D/odif.).  Since  the  groups  were  small,  these  results  were  checked 
by  the  method  of  determining  significance  of  the  difference  between 
small  groups  developed  by  R.  A.  Fisher  (4).  The  value  P  indicates 
the  probability  that  a  difference  as  large  as,  or  larger  than,  the  ones 
obtained  could  arise  by  chance. 

By  the  method  of  critical  ratio  the  positive  differences  for  the 
original  scores  are  significant  in  all  cases  except  the  slow  and  average 
comparison  in  the  color-letter  material.  For  sigma-scaled  scores, 
positive  differences  are  significant,  or  almost  significant,  except  for 
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TABLE  VI 

Method  of  Equal  Amount  Learned 
Reliability  of  differences  between,  slow,  average  and  fast  learners  in  number  of 

pairs  lost  during  five  day  interval 
Negative  quantities  indicate  that  the  faster  learner 
lost  more  in  the  interval  than  the  slower  learner 


Original  Scores 

Sig ma-scaled  Scores 

Method 

of 

Method  of 

Fisher 

's 

Critical  Ratio 

Critical  Ratio 

Method 

Dif. 

V/oaif. 

Chances 
signif. 

Dif. 

D/odif      ChanceJ      t 
iif.       signif. 

P* 

Word-word 

Slow-Average 

-.39 

.41 

65 

-1.91 

.54           71 

.5781 

.6 

Average-Fast 

3.39 

3.32 

100 

9.63 

2.77           99.74 

2.5620 

.01 

Slow-Fast  

3.00 

2.36 

99.2 

7.72 

1.69           96 

1.5075 

.2 

Form-number 

Slow-Average 

-.19 

.27 

61 

1.41 

.33           63 

.3727 

.7 

Average-Fast 

-.55 

.44 

67 

-2.54 

.45           67 

.4389 

.7 

Slow-Fast    

-.74 

.56 

71 

-1.13 

.17           57 

.1406 

.9 

Color-letter 

Slow-Average 

.14 

.19 

58 

-1.86 

.73           77 

.5301 

.6 

Average -Fast 

2.47 

2.98 

99.9 

10.23 

3.75         100 

2.4781 

.01 

Slow-Fast 

2.61 

2.78 

99.74 

8.37 

2.97           99.9 

2.7584 

.01 

*  P  of  .05  or  less  indicates  that  difference  is  clearly  significant. 

the  slow-average  comparison  in  the  form-number  material,  when 
evaluated  in  terms  of  either  the  critical  ratio  method  or  Fisher's 
method.  Where  the  faster  learner  had  a  greater  loss  (negative 
quantities  Table  VI)  none  of  the  differences  are  significant  by  either 
method.  All  these  results  show  significantly  greater  loss  during  the 
interval  for  the  slower  learner,  indicating  that  the  slow  learner  re- 
tains less  than  the  faster  learner  in  spite  of  the  fact  that  she  had 
overlearned  some  pairs. 

c.  Analysis  by  comparison  of  groups  of  different  learning  ability 
in  terms  of  number  of  trials  to  relearn  the  material. — The  average 
number  of  trials  to  learn  and  to  relearn  with  the  standard  deviation 
of  the  distribution  for  each  type  of  material  for  the  subdivisions 
and  for  the  entire  group  are  shown  in  original  scores  in  Table  VII 
and  in  sigma  scores  in  Table  VIII.  A  few  more  trials  were  neces- 
sary to  learn  the  color-letter  pairs  than  the  word-word  and  form- 
number  pairs.  This  is  probably  due  to  the  nature  of  the  material. 
It  is  almost  impossible  to  find  pairs  of  words  between  which  some 
sort  of  connection  cannot  be  made ;  and  this  relation  though  obscure 
aids  in  recall.  Extraneous  relations  are  much  more  difficult  to  find 
in  the  color-letter  material. 
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TABLE  VII 

Method  of  Equal  Amount  Learned 

Number  of  trials  to  learn  and  number  of  trials  to  relearn  each  series 

completely  for  the  entire  group  and  subgroups 

(Method  of  sub-dividing  entire  group  discussed,  page  25) 

Original  Scores 


Number  of 
Subjects 


Number  of  Trials 
to  Learn 


Number  of  Trials 
to  Relearn, 


Mean 


S.D.  of  dis- 
tribution- 


Mean 


S.D.  of  dis- 
tribution 


Word-word 

Slow    9 

Average   41 

Fast    3 

Entire  Group  ...  53 

Form-number 

Slow    15 

Average   34 

Fast    3 

Entire  Group  ...  52 

Color-letter 

Slow    14 

Average    35 

Fast    3 

Entire  Group  ...  52 


8.78 
4.10 
2.00 

4.77 

6.13 
3.71 
2.00 
4.31 

9.22 
4.80 
2.67 
5.86 


1.40 
1.10 
0 
2.19 

.72 
.75 

0 

1.42 

1.27 

1.19 

.47 

2.40 


3.00 
2.27 
1.67 
2.36 

2.67 
2.53 
2.00 
2.54 

3.14 
2.66 
2.00 
2.74 


1.15 

.50 
.47 
.73 

.94 

.74 
0 
.80 

1.60 
.92 
0 
1.15 


The  differences  between  the  groups  in  relearning  were  found, 
first  in  original  scores  and  then  in  sigma-scaled  scores.  The  group 
was  subdivided  on  the  basis  of  learning  scores  in  sigma  units.  Re- 
learning  scores  in  original  units  were  then  converted  into  these 
sigma-scaled  scores.  The  differences  in  relearning  at  different  points 
of  the  scale  could  then  be  expressed  in  comparable  units.  This 
scaling  procedure  seems  justified  as  we  are  really  measuring  the 
same  function,  though  at  different  times.  It  would  seems  that 
memory  for  the  same  material  under  different  conditions  can  be 
measured  on  the  same  scale,  just  as  a  yardstick  is  used  to  measure 
growth  at  different  age  levels. 

Comparisons  in  Table  IX  show  that  the  slower  learner  relearns 
more  slowly  than  the  fast  learner.  The  evaluation  of  these  differ- 
ences by  both  the  critical  ratio  and  Fisher  methods  gives  essentially 
the  same  results.  The  differences  are  significant  for  original  and 
sigma-scaled  scores  except  for  the  slow  and  average  comparison  in 
the  form-number  and  color-letter  material.  On  the  whole,  the 
differences  show  clearly  that  the  fast  learner  relearns  more  quickly 
than  the  slow  learner  which  may  indicate  superior  retention  or  may 
again  be  more  rapid  relearning  (page  25). 


30 


LEARNING  AND  RETENTION 


TABLE  VIII 

Method  of  Equal  Amount  Learned 

Number  of  trials  to  learn  and  number  of  trials  to  relearn  each  series  completely 

for  entire  group  and  subgroups 

(Method  of  dividing  group  on  basis  of  learning  scores  discussed,  page  25) 

Sigma-scaled  Scores  (M  =  50,  o  =  10) 


Number 

of 

Subjects 

Number  of  Trials 
to  Learn 

Number  of  Trials 
to  Relearn 

Mean 

S.D.  of  Dis- 
tribution 

Mean 

S.D.  of  Dis- 
tribution 

Word-word 

Slow 

9 

38 

6 

64.78 
48.13 
35.00 

4.21 
5.81 
0 

41.22 
37.00 
33.33 

8.15 

Average  

Fast  

3.47 
3.72 

Entire  Group 

53 

50.32 

9.82 

37.30 

5.09 

Form-number 

Slow  

...       13 

62.00 

4.08 

37.69 

8.58 

Average  

Fast  

36 
3 

47.27 
32.00 

5.10 
0 

37.20 
32.00 

6.74 
0 

Entire  Group 

52 

50.04 

9.09 

37.02 

7.17 

Color-letter 

Slow  

...       10 

64.30 

3.66 

37.00 

8.23 

Average  

Fast  

35 

7 

49.46 
35.86 

4.72 
2.80 

34.46 
29.00 

7.94 
0 

Entire  Group 

52 

50.48 

9.21 

34.21 

7.78 

The  learning  and  relearning  data  were  further  treated  by  com- 
puting (1)  number  of  items  learned  per  trial,  (2)  number  of  items 
relearned  per  trial,  and  also  (3)  number  of  items  saved  per  trial 
by  the  slow,  average  and  fast  learners  for  each  type  of  material  in 
both  original  and  sigma-scaled  scores  (Tables  X  and  XI).  In  order 
better  to  evaluate  these  results,  the  relative  efficiency  of  the  three 
groups  of  learners  was  then  obtained  in  the  following  way.  In  each 
of  the  three  pairs  of  comparisons  (slow  and  average,  average  and 
fast,  slow  and  fast  learners)  accomplishment  of  the  slower  of  the 
two  groups  of  learners  being  compared,  in  terms  of  items  learned 
per  trial,  was  expressed  as  a  percentage  of  the  items  learned  per 
trial  by  the  faster  learners.  Thus  in  the  word-word  series,  for 
example,  the  slow  learners  (Table  XII)  learned  at  a  rate  which  was 
only  46.72  per  cent  as  rapid  as  the  average  learners;  the  average 
learners'  rate  was  48.80  per  cent  of  the  fast  learners'  rate;  the  rate 
of  the  slow  learners  was  22.80  per  cent  of  the  rate  of  the  fast  learners. 
Similar  calculations  were  made  for  relearning  and  saving  scores. 
When  the  rate  of  the  faster  learner  is  stated  as  a  per  cent  of  the 
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TABLE  IX 

Method  of  Equal  Amount  Learned 

Eeliability  of  differences  between  slow,  average  and  fast  learners  in  number  of 
trials  needed  to  relearn  for  three  types  of  material 

Positive  differences  indicate  that  slower  learner  required  more 

trials  to  relearn 


Original  Scores 

Sigma-scaled  Scores 

Method  of 
Critical  Ratio 

Critical  Ratio 
Method  of 

Fisher's 
Method 

Dif. 

D/°aif. 

Chances 
signif. 

Dif. 

V/oaif. 

Chances 
signif. 

t 

P* 

Word-word 

Slow-Average 
Average -Fast 
Slow-Fast 

.73 

.60 
1.33 

1.87 
2.14 
2.83 

97.00 
98.00 
99.74 

4.22 
3.67 
7.89 

1.52 
2.26 
2.53 

93.0 
98.8 
99.4 

2.3541 
2.3308 
2.0706 

.02 
.02 
.05 

Form-number 

Slow-Average 
Average- Fast 
Slow-Fast  

.14 
.53 
.67 

.52 

4.08 
2.79 

69.00 

100.00 

99.74 

.49 

5.20 
5.69 

.19 
3.64 
2.39 

58.0 

100.0 

99.2 

.2036 
1.2981 
1.0733 

.8 
.2 
.3 

Color-letter 

Slow-Average 
Average -Fast 
Slow-Fast 

.48 

.66 

1.14 

1.04 
4.12 
2.65 

85.0 

100.0 

99.6 

2.54 
5.46 
8.00 

.86 
4.07 
3.08 

80.0 
100.0 
100.0 

.8903 
1.8479 
2.4167 

.4 

.05 

.02 

*  P  of  .05  or  less  indicates  that  difference  is  clearly  significant. 

TABLE  X 

Method  of  Equal  Amount  Learned 

Comparison  of  fast,  average  and  slow  learners  in  terms  of  number  of  items 
learned,  relearned  and  saved  per  trial  in  method  of  equal  amount  learned 

Original  Scores 


Word-word  Series 


Form-number  Series 


Color-letter  Series 


Items  per  Trial 


Items  per  Trial 


Items  per  Trial 


Learnedlearned  Saved  Learned learned  Saved  Learned  learned  Saved 

Slow 1.71       5.00        3.29  1.63        3.74        2.11  1.08        3.18        2.10 

Average...  3.66       6.61        2.95  2.70        3.95        1.25  2.08        3.76        1.68 

Fast 7.50       8.98        1.48  5.00        5.00        0  3.74        5.00        1.26 

Entire 

Group..  3.14       6.38        3.24  2.32        3.94        1.62  1.71        3.65        1.94 
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TABLE  XI 

Method  of  Equal  Amount  Learned 

Comparison  of  fast,  average  and  slow  learners  in  terms  of  number  of  items 
learned,  relearned  and  saved  per  trial  in  method  of  equal  amount  learned 

Sigma-scaled  Scores 


Word-word  Series 


Form-number  Series 


Color-letter  Series 


Items  per  Trial 


Items  per  Trial 


Items  per  Trial 


Learned  J^    Saved  Learned^*^    Saved  Learned  le^ned8aved 


Slow 

1.10 

1.72 

.62 

1.11 

1.83 

.72 

1.07 

1.86 

.79 

Average... 

1.48 

1.92 

.44 

1.46 

1.85 

.39 

1.40 

2.00 

.60 

Fast 

2.03 

2.13 

.10 

2.16 

2.16 

0 

1.92 

2.38 

.46 

Entire 
Group. 

1.41 

1.90 

.49 

1.38 

1.86 

.48 

1.37 

2.02 

.65 

rate  of  the  slower  learner,  the  greater  efficiency  of  the  slower  learner 
is  indicated  by  a  minus  sign  (Tables  XII  and  XIII). 

TABLE  XII 

Method  of  Equal  Amount  Learned 

Comparison  of  efficiency  of  slow,  average  and  fast  learners  with  items  per  trial 
of  slower  group  expressed  as  a  percentage  of  items  per  trial 

of  faster  group 

Negative  quantities  indicate  greater  efficiency  of  slower  learner  of 
each  pair  of  comparisons 

Original  Scores 

Word-word  Series  Form-number  Series         Color-letter  Series 

Be 


Uarn      Saved      Learn  Imrn     Saved      Learn    Uarn    Saved 


Learn 


Slow 


Average 
Average 
Fast 
Slow 


46.72    75.64    -89.66        60.37    94.68    -59.24        51.92    84.57    -80.00 


Fast 


48.80  73.61  -50.10   54.00  79.00 


22.80  55.68  -44.98   32.60  74.80 


55.61  75.20  -75.00 


28.88  63.60  -60.00 


The  faster  learners  are  more  efficient  in  terms  of  items  learned 
per  trial  in  every  case.  In  relearning,  although  the  faster  learner 
is  again  more  efficient  than  the  slower  learner,  her  superiority  is 
not  as  great  as  in  learning  rate.  But  the  greatest  saving  was  made 
by  the  slower  learners. 
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TABLE  XIII 

Method  of  Equal  Amount  Learned 

Comparison  of  efficiency  of  slow,  average  and  fast  learners  in  method  of  equal 

amount  learned.     Items  per  trial  of  slower  group  expressed  as  a 

percentage  of  items  per  trial  of  faster  group 

Negative  quantities  indicate  greater  efficiency  of  slower 
learner  in  pair  compared 

Sigma-scaled  Scores 


Word-word  Series         Form-number  Series 


Color-letter  Series 


Re- 
Learn    learn     Saved 


Re- 
Learn  learn    Saved 


Re- 

Learn   learn    Saved 


Slow 


Average 
Average 
Fast 
Slow 


Fast 


74.32    89.58    -70.97        76.03    98.91    -54.17        76.43    93.00    -75.95 


72.90    90.14    -22.73        67.59    85.65 


54.19    80.75    -16.13        51.39    84.72 


72.92    84.03    -76.67 


55.73    78.15    -58.23 


The  saving  scores  indicate  that  the  slow  learner  either  because 
of  superior  retention  ability  or  of  the  advantage  obtained  from 
overlearning  is  able  to  relearn  at  a  much  more  rapid  rate  than  she 
learned.  The  fact  that  the  slow  learner  acquires  the  material  at  a 
slower  rate  in  the  original  learning  and  thus  has  an  opportunity  to 
overlearn,  probably  explains  her  more  rapid  rate  of  relearning  and 
greater  saving.  However,  not  much  importance  should  be  attached 
to  this  greater  saving  which  is  an  artifact  necessarily  arising  from 
the  learning  situation. 

6.    Conclusions 

1.  Correlations  of  the  number  of  trials  to  learn  with  (1)  the 
number  of  pairs  retained,  and  (2)  the  number  of  trials  to  relearn 
indicate  a  tendency  for  the  fast  learner1  to  be  the  better  retainer. 
However,  the  evidence  from  correlations  is  not  conclusive  and  the 
interpretation  of  these  correlations  is  complicated  by  the  factor  of 
overlearning  which  is  inherent  in  the  method  of  Equal  Amount 
Learned. 

2.  Comparison  of  measures  of  retention  for  groups  differing  in 
learning  ability  give  the  following  results : 

(a)  In  terms  of  number  of  pairs  lost  in  the  five-day  interval, 
the  slow  learner  loses  a  larger  proportion  of  what  was  learned 
in  spite  of  the  advantage  of  overlearning. 


1  Fast,  average  and  slow  learner  defined  in  footnote,  page  5. 
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(&)  In  terms  of  number  of  trials  to  relearn,  the  fast  learner 
relearns  more  quickly  which  may  indicate  better  retention. 
This  result  is  not  conclusive  as  it  may  indicate  fast  learning  at 
both  times  instead  of  good  retention. 

(c)  In  terms  of  items  learned  per  trial  and  items  relearned 
per  trial,  the  fast  learner  is  more  efficient. 

(d)  In  terms  of  items  saved  per  trial,  slow  learners  are  more 
efficient  but  this  result  is  probably  an  artifact  of  overlearning. 


CHAPTER  III 
THE  METHOD  OF  EQUAL  OPPORTUNITY  TO  LEARN 

1.  The  Method 

The  method  used  in  this  experiment  was  that  of  allowing  all  of 
the  subjects  the  same  time  in  which  to  learn  the  material.  The  speed 
of  learning  was  measured  by  the  number  of  pairs  learned  in  the 
given  time.  This  method  gives  the  fast  learner  an  advantage,  when 
the  amount  of  material  retained  is  considered  as  he  learns  more  and 
so  has  more  to  retain.  On  the  other  hand,  if  the  amount  lost  in 
the  interval  is  considered,  he  has  an  opportunity  to  lose  more  than 
the  slow  learner.  In  either  ease,  therefore,  the  measure  of  retention 
is  affected  by  the  experimental  conditions. 

2.  Subjects 

The  subjects  for  this  experiment  were  fourth-,  fifth-  and  sixth- 
grade  children  in  the  grammar  schools  of  Arlington  and  Pleasant 
Valley.  Both  towns  are  suburbs  of  Poughkeepsie,  New  York. 
There  were  186  in  this  group,  but  final  records  of  only  149  were 
considered  throughout.  Some  records  were  incomplete  because  of 
absences,  and  others  were  omitted  because  it  seemed  desirable  to 
drop  out  scattering  cases  at  the  extremes  of  the  age  range.  The  age 
range  of  the  entire  group  of  186  was  from  eight  years  to  fifteen 
years.  The  few  scores  at  the  extremes  were  from  very  slow  children 
in  the  upper  age  range  or  from  young  advanced  pupils  in  the  lower 
age  range.  Our  study  included  only  the  children  from  nine  years, 
0  months  through  thirteen  years,  eleven  months.  The  correlations 
of  our  learning  scores  (number  of  pairs  recalled  immediately)  with 
age  are  given  in  Table  XIV  for  the  group  of  149  cases  included  in 
this  study.  These  correlations  are  very  small,  so  that  the  factor  of 
age  may  be  considered  negligible. 

The  number  of  cases  in  the  entire  group  is  less  than  149  in  some 
calculations.  This  happened  because  a  few  subjects  were  included 
who  had  complete  records  except  for  one  series.  This  incomplete- 
ness was  due  to  failure  to  learn  any  material  or  to  the  fact  that 
the  responses  given  by  the  subject  were  not  for  the  right  type  of 
material. 

There  were  two  reasons  for  selecting  children  for  this  experi- 
ment. Children  in  elementary  schools  have  a  wider  range  of  scores 
on  intelligence  tests  than  college  students;  hence  a  greater  range 
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TABLE  XIV 

Method  of  Equal  Opportunity 

Correlations  of  number  of  pairs  learned  with  age  expressed  in  months.    Subjects 

were  children  ranging  in  age  from  9  years,  0  months, 

to  13  years,  11  months 


Material  Number  of  Subjects 


Correlations 
with  age 


Word-word    

Picture-number 

Color-letter    

Form-word    

Face-name     


147 

-.03  ±  .06 

149 

-.001  ±  .06 

149 

.05  ±  .06 

149 

.13  ±  .05 

149 

.04  ±  .06 

of  difference  in  learning  and  retention  scores  can  be  expected.  Also 
paired  associates  learning  tests  are  more  apt  to  be  interesting  to 
children  than  to  adults.  This  would  be  particularly  true  of  these 
children  who  have  not  been  subjected  to  as  much  testing  and  experi- 
menting as  have  the  children  in  New  York  City. 

The  group  upon  whom  we  had  complete  results  included  86 
boys  and  63  girls.  The  girls  had  a  slightly  smaller  age  range  and 
on  the  average  were  younger.  The  average  age  for  the  boys  was  11 
years,  4  months  with  S.D.  of  13.3  months;  the  average  age  for  the 
girls  was  10  years,  10  months  with  S.D.  of  11.3  months. 

3.    Material 

Learning  material  consisted  of  paired  associates  in  which  the 
second  member  of  the  pair  was  so  selected  as  to  be  easily  written. 
The  material  was  mounted  on  white  cardboard  cards  similar  to  those 
used  in  the  first  experiment.  The  letters  and  numbers  were  black 
and  were  two  inches  high.     (Willson's  gummed  letters.) 

Every  attempt  was  made  to  have  the  material  easy  enough  for 
children  and  at  the  same  time  interesting.  The  following  five  types 
of  material  were  selected : 

1.  Word-word  pairs:  four  letter  English  words  in  common 
usage  with  no  obvious  association  between  members  of  a  pair.  Ex- 
amples are :  flag-crab ;  lake— club. 

2.  Picture-number  pairs :  two  place  numbers  and  pictures  about 
three  inches  square  in  black  and  white.  Examples  are:  milk 
bottle-91 ;  bicycle-14 ;  football-48. 

3.  Color-letter  pairs :  a  three-inch  square  of  color  and  one  letter 
which  was  never  the  first  letter  of  the  name  of  the  color.     Examples 
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are:  pink-H;  orange-B;  purple-F.      The  colors  were  similar  to 
those  used  in  the  earlier  experiment  with  a  few  additional  ones. 

4.  Form- word  pairs:  geometrical  designs  of  easily  distinguish- 
able shape  about  three  inches  square  drawn  in  black  and  a  six-letter 
English  word  of  concrete  meaning.  Examples  are :  a  square-letter ; 
a  circle-turtle ;  a  triangle-pepper. 

5.  Face-name  pairs:  an  equal  number  of  boys'  and  girls'  pic- 
tures showing  head  and  shoulders  and  first  names  which  were  short 
and  not  unusual.  The  pictures  were  in  black  and  white  about 
three  inches  square  cut  from  magazines  advertisements.  Examples 
are :  a  picture  of  a  laughing  boy  with  a  football  helmet-Bill ;  smiling 
baby  with  light  curly  hair-Dick ;  girl  with  light  curly  hair  wearing 
glasses-Judy. 

Preliminary  experimenting  was  done  on  a  small  group  to  deter- 
mine the  difficulty  of  the  material  and  the  best  number  of  cards  to 
include  in  a  series.  Words  which  were  of  abstract  meaning  were 
found  to  be  rather  difficult  for  the  children  to  learn  and  hence  were 
changed  to  more  concrete  words.  In  the  case  of  the  pictures  some 
were  not  learned  by  the  preliminary  group.  These  were  changed 
as  they  were  apparently  not  easily  recognized  or  were  unfamiliar. 
In  two  cases  the  names  used  for  the  children  were  changed  as  they 
seemed  difficult  to  spell  or  were  unfamiliar. 

Twenty  pairs  of  each  type  of  material  were  finally  selected. 
These  were  divided  into  two  series  of  ten  pairs  each,  so  that  relia- 
bility coefficients  could  be  determined. 

4.    Procedure 

The  experiment  was  conducted  as  a  group  experiment  during 
the  regular  school  hours  and  in  the  regular  classroom  for  each  grade. 
This  meant  that  the  experimenting  was  done  in  six  different  groups. 
However,  the  conditions  were  fairly  constant  and  the  same  experi- 
menter served  throughout.  The  teacher  was  present  in  the  room 
but  took  no  part  in  the  experiment  except  to  pass  and  collect  papers. 

General  instructions  were  first  given  by  the  experimenter.  The 
children  were  assured  that  the  scores  they  made  in  this  work  would 
not  affect  their  school  marks.  They  were  told  that  children  in 
other  grades  were  learning  the  same  material  and  were  urged  to  do 
their  best  so  that  their  grade  would  be  the  highest.  They  were  told 
that  their  retention  of  the  material  would  be  tested  later.  Since 
they  would  know  this  anyway,  when  the  second  set  of  material  was 
presented,  it  seemed  advisable  to  tell  them  at  the  outset,  so  that  their 
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attitude  in  this  respect  would  be  more  nearly  constant.  This  knowl- 
edge made  the  conditions  of  the  experiment  more  like  those  of  the 
first  experiment  (page  22).  Although  an  attempt  was  made  to 
select  familiar  words,  it  was  felt  that  uncertainty  in  spelling  might 
deter  some  children  from  writing  responses  which  were  actually 
recalled.  For  this  reason,  the  experimenter  explained  that  no  credit 
was  to  be  deducted  for  spelling  and  asked  the  children  to  write 
every  word  they  could  remember  even  though  they  were  not  sure 
of  the  spelling.  At  the  end  of  the  experimental  period,  the  subjects 
were  requested  not  to  tell  children  in  other  grades  what  the  material 
was  like  which  they  had  seen  on  the  cards. 

Each  child  was  provided  with  five  mimeographed  sheets  on  which 
to  write  the  responses,  one  sheet  for  each  type  of  material.  There 
was  a  space  for  the  child 's  name  and  then  ten  numbers  after  which 
the  responses  were  to  be  written. 

Before  the  actual  experiment  was  started,  a  sample  card  with 
two  words  was  shown.  The  children  were  also  shown  the  card  as 
it  would  be  presented  for  testing,  so  they  would  know  which  word 
they  would  be  expected  to  write. 

The  cards  of  the  word-word  series  were  presented  visually  one 
at  a  time.  Each  card  was  exposed  for  four  seconds,  the  time  being 
regulated  by  a  metronome  set  at  60.  The  metronome  was  started 
before  the  experimenting  began  so  that  there  would  be  an  oppor- 
tunity for  the  children  to  become  accustomed  to  it.  The  series  of 
ten  cards  was  presented  four  times.  The  order  of  the  cards  in  each 
presentation  was  different  so  that  no  card  would  have  the  continued 
advantage  of  primacy  or  recency;  moreover,  this  procedure  served 
to  insure  the  responses  being  learned  as  pairs  and  not  as  a  list. 
After  the  cards  had  been  presented  once,  the  subjects  were  reminded 
that  they  would  have  to  write  one  member  of  each  pair,  and  the 
series  was  presented  again.  Before  each  presentation,  the  experi- 
menter mentioned  the  test  trial  which  would  be  given  and  before 
the  last  presentation  told  the  subjects  that  it  would  be  the  last  time 
they  would  see  both  parts  of  the  card. 

In  testing  for  immediate  memory,  the  cards  were  shown  with 
one  word  concealed  by  a  cover  card.  The  children  were  asked  to 
write  the  word  that  "went  with ' '  the  one  being  shown.  Six  seconds 
were  allowed  for  response  to  each  card. 

The  procedure  was  the  same  for  all  cards  except  the  form-word 
and  face-name  pairs,  which  were  presented  only  three  times,  as  pre- 
liminary experimentation  showed  that  they  were  easier  to  learn. 
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More  time  was  allowed  to  write  the  responses  for  the  longer  words 
and  the  names.  Before  a  new  series  was  shown  a  short  description 
of  the  material  on  the  card  was  given  and  the  children  were  told 
which  part  they  would  be  asked  to  write  later.  The  series  were 
learned  in  the  following  order :  word-word ;  picture-number ;  color- 
letter;  form-word;  face-name.  About  fifty  minutes  were  required 
for  the  learning  period. 

Delayed  memory  was  tested  after  48  hours.  As  before,  the  first 
part  of  the  card  was  shown  and  the  children  were  asked  to  write 
what  "went  with"  it.  The  series  were  tested  in  the  same  order  as 
they  had  been  learned,  and  the  subjects  were  told  which  type  of 
material  each  would  be  so  they  would  know  what  they  were  expected 
to  write.  The  interval  between  learning  and  recall  was  short  since 
there  is  little  meaning  in  the  material  and  hence  it  is  difficult  to 
retain.  Several  intervals  were  tried  in  the  preliminary  experiment- 
ing and  48  hours  proved  to  be  most  satisfactory,  as  with  longer  inter- 
vals the  range  of  scores  was  decreased  considerably. 

Three  weeks  after  the  first  day  of  learning,  the  second  set  of 
material  was  learned.  The  procedure  was  the  same  as  it  was  for  the 
first  set  except  that  the  materials  were  reversed  so  that  the  order  for 
the  second  set  was  face-name ;  form-word ;  color-letter ;  picture- 
number;  word- word.  This  was  done  so  that  whatever  practise 
effect  there  was  from  becoming  accustomed  to  the  experiment  would 
be  equalized  for  the  different  types  of  material  when  all  twenty 
cards  are  considered.  The  word-word  pairs  were  first  in  the  first 
set  and  so  had  the  least  advantage  from  practise ;  they  were  last  in 
the  second  series,  thus  getting  all  the  advantage  possible.  The 
effects  of  fatigue  would  be  similarly  equalized  but  in  the  reverse 
way. 

In  order  to  give  some  encouragement  and  to  sustain  interest  in 
the  second  set  of  material,  each  grade  was  told  some  of  their  results 
from  the  previous  experimental  period.  They  were  told  on  which 
material  their  grade  had  the  best  scores.  This  was  arranged  so  that 
each  grade  was  highest  or  next  to  the  highest  in  learning  or  retain- 
ing some  types  of  material. 

The  retention  of  the  second  set  of  material  was  tested  48  hours 
after  it  was  learned. 

In  addition  to  the  number  of  pairs  recalled  in  immediate  and 
delayed  retention,  we  calculated  the  difference  between  the  learning 
score  and  the  retention  score  after  48  hours.  The  number  of  re- 
sponses lost  (forgotten)  in  the  interval  by  each  subject  was  obtained 
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for  all  five  types  of  material.     Scores  for  the  two  sets  of  ten  cards 
were  combined  to  give  a  total  score  for  twenty  cards. 
There  were,  therefore,  three  measures  of  memory : 

(1)  number  of  pairs  recalled  immediately  after  presentation; 

(2)  number  of  pairs  recalled  after  48  hours;  and 

(3)  number  of  pairs  lost  in  the  48-hour  interval. 

From  the  original  scores  for  learning  and  retention,  "true" 
scores  were  estimated  in  the  following  manner.  The  reliability  co- 
efficients were  calculated  for  each  type  of  material  from  the  scores 
on  the  two  sets  of  ten  cards  each.  Estimated  true  scores  were  then 
obtained  by  the  formula:  X00  =  r1IX1-  (l-r^)  M,  in  which  rn  is  the 
reliability  coefficient  and  Xx  is  the  subject's  obtained  score  (12). 
The  scores  obtained  are  free  from  errors  of  measurement  and  cor- 
relations computed  from  them  are  not  subject  to  the  error  discussed 
by  Thorndike  (31). 

From  the  estimated  true  scores  for  immediate  recall,  a  sigma 
scale  was  drawn  up  so  that  we  had  scores  on  a  scale  of  equal  units. 
This  is  a  procedure  similar  to  that  used  in  the  method  of  Equal 
Amount  Learned  (page  26).  A  loss  of  two  points  in  the  original 
scale  may  not  be  equivalent  at  different  parts  of  the  scale.  But  a 
loss  of  two  units  in  the  sigma  scale  has  the  same  value  at  different 
parts  of  the  scale.  The  estimated  true  scores  for  delayed  memory 
were  transmuted  into  sigma  units  using  the  sigma  scale  drawn  up 
from  immediate  memory  scores.  This  seemed  justified  on  the  as- 
sumption that  the  delayed  memory  scores  are  really  estimates  of  the 
same  function  measured  in  the  initial  memory  tests. 

5.    Results 

a.  Analysis  by  correlation. — Reliability  coefficients  for  the  five 
types  of  material  are  shown  in  Table  XV.  The  reliabilities  of  the 
learning  and  retention  scores  are  fairly  high  considering  the  length 
of  the  series. 

Correlations  are  given  in  Table  XVI  between  learning  and  reten- 
tion scores  (original  scale)  and  between  learning  and  loss  after  48 
hours  (original  and  sigma  scales).  It  may  be  again  noted  that  the 
learning  and  loss  correlations  (sigma  scale)  are  corrected  for  errors 
of  measurement  (see  above)  and  hence  are  not  subject  to  the 
"inflating"  effect  mentioned  on  page  13. 

It  is  not  easy  to  interpret  the  correlations  between  learning  and 
retention  in  Table  XVI.  If  the  fast  learner  is  the  better  retainer, 
we  should  expect  high  positive  correlation  between  number  of  pairs 
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TABLE  XV 

Method  of  Equal  Opportunity 

Reliability  coefficients  determined  for  paired  associates  material  on  a  group  of 

children 


Learning  Scores 

(Number  of  pairs  recalled 

immediately) 

Material  Series  1     EstimaU 

Number         vs.  , 

of  Series  2         ^     f 

subjects    (10  items  ^ 

each) 

Word-word    147  .51  ±  .04  .68  ±  .03 

Picture-num- 
ber      149  .53  ±  .04  .69  ±  .03 

Color-letter    149  .58  ±  .04  .74  ±  .02 

Form-word    148  .64  ±  .03  .78  ±  .02 

Face-name    149  .51  ±  .04  .68  ±  .03 


Retention  Scores 

(Number  of  pairs  recalled 

after  48  hours) 


Number 

of 

subjects 


Series  1 

vs. 

Series  2 

(10  items 

each) 


Estimate  for 
series  of 
20  items 


147 

149 
146 
147 
149 


.49  ±  .04      .66  ±  .03 


.41 
.52 
.53 

.48 


.04 
.04 
.04 
.04 


.58 
.68 
.69 
.65 


.04 
.03 
.03 
.03 


TABLE  XVI 

Method  of  Equal  Opportunity 

Correlations  of  number  of  pairs  learned  with  number  of  pairs  retained  after  48 

hours  and  with  number  of  pairs  lost  in  48  hours.     Scores 

in  original  and  Sigma-scaled  units 


Original  Scores 

Sigma  Scores 

Material 

CO 

(2) 

(3) 

Number 

of 
subjects 

Learning 
and 

Retention 

Learning 
and 
Loss 

Learning 

and 

Loss 

Word-word     

147 
...       149 
146 
147 
149 

.83  ±  .02 
.78  ±  .02 
.81  ±  .02 
.77  ±  .02 
.82  ±  .02 

.50  ±  .04 
.69  ±  .03 
.63  ±  .03 
.19  ±  .05 
.16  ±  .05 

.16  ■+■  .05 

Picture-number  ... 
Color-letter    

.32  ±  .05 

.57  ■+•  .04 

Form-word    

.54  •+■  .04 

Face-name    

.55  ■+"  .04 

learned  and  number  of  pairs  retained;  high  score,  high  retention; 
low  score,  low  retention.  But  if  the  slow  learner  is  the  better  re- 
tainer, we  should  expect  the  correlation  between  learning  and  reten- 
tion to  be  zero  or  perhaps  slightly  negative.  This  must  follow 
because  if  the  fast  learners  lose  a  large  number  of  pairs,  their  high 
scores  in  number  of  pairs  learned  will  tend  to  cluster  with  small 
number  of  pairs  retained  in  the  correlation  table;  while  retention 
score  of  the  slow  learner  (small  number  of  pairs  learned),  since  it 
cannot  exceed  the  number  of  pairs  learned,  will  tend  to  accompany 
a  small  number  of  pairs  retained.     The  correlation  will  thus  tend 
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to  be  zero  or  negative.  The  correlations  in  Table  XVI,  column  1, 
are  all  high,  and  hence  in  favor  of  the  fast  learner,  as  far  as  they 
go.  They  are  not  conclusive,  however,  since  in  our  experimental 
method  the  fast  learner  learns  more  and  hence  has  a  better  chance 
to  retain  more  than  the  slow  learner.  Part  of  the  correlation  in 
Table  XVI,  column  1,  is  owing  no  doubt  to  this  factor ;  but  it  hardly 
seems  plausible  that  all  of  it  is. 

Consider  now  the  correlations  between  learning  (number  of 
pairs  recalled  immediately  after  presentation)  and  loss  (number  of 
pairs  lost  in  48  hours)  presented  in  Table  XVI,  columns  2  and  3. 
If  the  fast  learner  who  has  learned  more,  loses  less  than  the  slow 
learner  in  absolute  scores,  the  correlation  between  learning  and  loss 
should  be  negative  or  zero.  But  if  the  slow  learner  who  has  learned 
less,  loses  less  than  the  fast  learner  in  absolute  score,  the  correlation 
should  be  positive.  Errors  of  measurement  would  tend  to  increase 
this  positive  correlation  (page  13)  ;  while  the  experimental  method 
employed  which  offers  an  advantage  to  the  fast  learner  also  makes 
for  positive  correlation. 

The  positive  correlations  between  learning  and  loss  in  Table  XVI 
are  reduced  in  three  of  the  five  correlations  when  the  errors  of 
measurement  are  ruled  out  by  using  sigma  scores  which  are  based 
upon  estimated  true  scores.1  If  the  second  factor  (advantage  of 
method  to  fast  learner)  could  also  be  eliminated  it  seems  possible 
that  the  correlations  would  drop  still  more.  The  evidence  though 
not  final  is  again  that  the  fast  learner  is  the  better  retainer. 

b.  Analysis  by  groups  of  different  learning  ability. — The  data 
were  next  analyzed  by  comparing  the  performance  in  retention  of 
fast,  average  and  slow  learners  as  was  done  in  the  method  of  Equal 
Amount  Learned.  The  entire  group  was  subdivided  into  slow, 
average  and  fast  learners.  The  slow  group  included  that  part  of 
the  distribution  from  -3  sigma  to  -1  sigma;  the  average  group 
that  part  of  the  distribution  ±  sigma  from  the  mean;  the  fast 
group  that  part  of  the  distribution  + 1  sigma  to  +  3  sigma.  The 
means  and  standard  deviations  of  the  distributions  of  number  of 


I  An  explanation  for  the  rise  in  the  form-word  and  face-name  correlations, 
when  corrected  for  errors  of  measurement,  can  be  found  by  inspecting  the  corre- 
lation tables.  The  form-word  and  face-name  material  was  apparently  easier  to 
retain,  and  as  a  result  there  is  a  group  of  fast  learners  who  lose  very  little  during 
the  interval.  This  group  causes  the  extremely  low  correlations  in  the  original 
scores  for  the  two  tests.  Sigma  scaling  increases  the  losses  of  the  fast  group, 
scattering  the  fast  learners  who  lose  little  (in  original  scores)  in  such  a  way 
that  the  correlations  are  raised.  Thus  the  increase  in  correlations  for  the 
form-word  and  face-name  material  is  attributable  to  the  nature  of  the  material. 
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pairs  learned  and  number  of  pairs  lost  in  the  48  hour  interval  for 
the  different  types  of  material  are  shown  in  Table  XVII  for  original 
scores.     Table  XVIII  gives  the  same  data  for  the  estimated  true 

TABLE  XVII 
Method  of  Equal  Opportuntt 

Number  of  pairs  learned,  number  and  proportion  of  pairs  lost  in  48  hours 

Number  of  cases,  mean  and  standard  deviation  of  distribution  for  entire  group 

and  subdivisions  according  to  learning  ability.     (See  page  42) 

Original  Scores 


Number 

of 
subjects 


Number  of 
Pairs  Learned 


Mean 


S.D.  of 

distri- 
bution 


Number  of 

Pairs  Lost  in 

Interval 


Mean 


S.D.  of 

distri- 
bution 


Per  cent 

Lost  of 

Pairs 

Learned 


Word-word 

Slow 20 

Average 95 

Fast  32 

Entire  Group  ...  147 

Picture-number 

Slow 19 

Average 99 

Fast  31 

Entire  Group  ...  149 

Color-letter 

Slow 24 

Average 93 

Fast  29 

Entire  Group  ...  146 

Form-word 

Slow 18 

Average 94 

Fast  35 

Entire  Group  ...  147 

Face-name 

Slow 19 

Average 100 

Fast  30 

Entire  Group  ...  149 


4.10 
11.26 
17.31 
11.61 


3.26 

9.17 

15.90 

9.82 


3.12 

8.92 

14.93 

9.17 


7.50 
14.96 
19.52 
15.13 


7.05 
13.99 
18.43 
14.00 


1.76 
2.54 
1.07 
4.44 


1.12 
2.51 
1.67 
4.29 


.93 
2.40 
1.72 
4.13 


2.39 

2.45 

.50 

4.04 


2.31 

1.86 

.96 

3.65 


2.60 
5.35 
6.69 
5.27 


1.95 

5.02 
7.77 
5.20 


1.92 
4.85 
6.45 

4.68 


3.89 
6.19 
5.12 
5.65 


3.63 
4.80 
4.27 
4.54 


1.46 
2.12 
2.53 
2.45 


1.05 
2.11 
2.70 
2.71 


1.08 
1.96 
2.53 
2.40 


1.49 
2.71 
3.49 
2.91 


1.84 
2.33 
2.26 
2.29 


63.41 
47.51 
38.65 
45.27 


59.82 
54.74 
48.87 
52.95 


61.54 
54.37 
43.20 
51.04 


51.87 
41.38 
26.23 
37.34 


51.49 
34.31 
23.17 
32.43 


scores  sigma  scaled.  It  is  clear  that  the  picture-number  and  color- 
letter  material  was  slightly  harder  than  the  other  types  of  material, 
both  to  learn  and  retain. 

The  loss  in  retention  for  each  group  was  calculated  and  the  relia- 
bility of  the  differences  between  groups  compared  by  the  critical 
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If  we  consider  the  proportion  of  pairs  lost  (Tables  XVII  and 
XVIII)  instead  of  the  loss  in  absolute  scores,  we  find  that  in  original 
scores  the  slower  learner  loses  a  larger  proportion  of  what  he  learned 
than  the  fast  learner.  When  the  data  are  sigma-scaled,  the  propor- 
tion lost  is  larger  for  the  slow  learner  than  for  the  fast  learner  in 
the  word-word  and  picture-number  material.  For  the  other  three 
types  of  material,  all  groups  lose  about  the  same  proportion.  Al- 
though the  proportions  are  not  figured  from  the  same  learning  score 
for  each  group  and  hence  are  not  strictly  comparable,  they  are  im- 
portant in  evaluating  the  results.  The  fast  learner  loses  more  in 
absolute  units ;  but  in  relation  to  the  amount  he  has  learned  his  loss 
is  no  greater  and  in  some  cases  is  less  than  the  loss  of  the  slow 
learner. 

6.    Conclusions 

1.  Correlations  of  number  of  pairs  learned  and  number  of  pairs 
retained  after  a  48  hour  interval  indicate  that  the  fast  learner2  is 
the  better  retainer.  Correlations  are  not  conclusive  evidence,  how- 
ever, as  the  fast  learner  learns  more  pairs  in  a  given  time  and  thus 
has  an  advantage  in  retention. 

2.  The  correlation  of  number  of  pairs  recalled  immediately  and 
the  number  of  pairs  lost  in  the  48  hour  interval  show  that  the  fast 
learner  loses  more  than  the  slow  learner.  Again  the  correlations  are 
not  conclusive  as  the  fast  learner  learns  more  pairs  and  thus  has  an 
opportunity  to  lose  more. 

3.  A  comparison  of  retention  scores  (number  of  pairs  lost  in  48 
hour  interval)  when  the  group  is  subdivided  according  to  ability 
to  learn,  shows  that : 

a.  In  original  scores,  the  fast  learner  loses  more  in  absolute 
units  during  the  interval  than  the  slow  learner  except  in  two 
instances.  In  relation  to  the  number  of  pairs  learned  the  fast 
learner  loses  12  to  28%  less  than  the  slow  learner. 

b.  In  sigma-scaled  units,  the  absolute  losses  are  also  greater 
for  the  fast  learner.  Again  in  proportion  to  the  amount  learned 
the  fast  learner  loses  less.  In  the  word-word  and  picture-num- 
ber pairs  there  is  about  10%  smaller  loss  for  the  fast  learner 
than  for  the  slow  learner.  In  the  other  three  tests  the  propor- 
tion lost  for  all  groups  is  very  nearly  equal. 


2  Fast,  average  and  slow  learner  defined  in  footnote,  page  5. 


CHAPTER  IV 
METHOD  OF  ADJUSTED  LEARNING 

1.  The  Method 

We  have  already  pointed  out  (pages  5  and  12)  that  the  method 
of  Equal  Amount  Learned  and  the  method  of  Equal  Opportunity 
To  Learn  have  inherent  difficulties  which  make  it  almost  impossible 
to  give  a  categorical  answer  to  the  question,  ' '  Is  the  fast  learner  the 
better  retainer?"  The  first  method  favors  the  slow  learner,  the 
second  favors  the  fast  learner.  In  the  method  of  Adjusted  Learn- 
ing, the  disadvantages  of  these  two  methods  are  in  part  eliminated. 
In  learning  paired  associates,  a  pair  is  removed  from  the  series  as 
soon  as  the  subject  is  able  to  give  the  correct  response,  thus  obviating 
overlearning.  The  fast  learner  has  no  distinct  advantage  as  each 
subject  learns  approximately  the  same  amount  of  material  and  up 
to  the  same  point.  This  feature  puts  the  fast  and  slow  learner  on 
an  equal  basis  and  favors  neither  group. 

2.  Subjects 

From  the  group  tested  by  the  method  of  Equal  Opportunity  To 
Learn,  children  of  varying  memory  ability  were  selected  according 
to  their  performance  on  the  material  of  this  previous  experiment. 
Twenty-five  children  in  all  were  drawn  pro  rata  from  the  entire 
group,  so  that  they  would  approximate  the  proportions  of  the  nor- 
mal curve.  The  scores  on  the  picture-number  material  which  would 
mark  the  sigma  divisions  were  calculated  and  children  who  had 
scores  within  given  limits  were  selected  for  this  experiment.  More 
than  twenty-five  children  were  actually  drawn  and  tested  but  due 
to  absences  and  interruptions  of  various  kinds  during  the  learning, 
some  of  the  cases  had  to  be  discarded.  The  final  group  upon  which 
calculations  were  made  contained  twenty-five  cases.  The  number  of 
children  selected  from  different  parts  of  the  distribution  for  ability 
in  learning  picture-number  material  is  shown  in  the  following  table. 

From  -  2o  to  lower  end 1 

Between  -  1  and  -  1.99a 6 

At  the  mean  11 

Between  4-  lo  and  +  1.99a  6 

From  +  2a  to  upper  end 1 

25 
47 
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3.  Material 

The  picture-number  material  gave  the  best  distribution  from 
which  to  select  a  group  which  would  approximate  a  normal  distri- 
bution. It  was  also  possible  to  obtain  additional  material  of  this 
type  without  duplication  of  the  series  used  in  the  other  experiment- 
ing. Hence  only  one  type  of  material  was  selected  for  this  experi- 
ment. A  series  of  20  cards  was  made,  similar  to  those  for  the 
method  of  Equal  Opportunity,  but  none  of  the  pictures  or  numbers 
were  the  same  as  those  used  in  that  experiment. 

4.  Procedure 

The  children  were  tested  individually  during  the  regular  school 
hours.  Administration  of  the  tests  was  carried  out  by  the  experi- 
menter who  had  conducted  the  previous  experiments.  All  the  chil- 
dren were  told  that  they  had  been  selected  to  learn  this  material 
because  they  had  done  so  well  on  the  cards  learned  by  their  grade 
earlier.  They  were  assured  that  their  scores  would  not  affect  their 
school  marks.  The  experimenter  urged  them  to  do  their  best  and 
told  them  that  if  they  did  well  it  would  not  be  necessary  for  them 
to  learn  all  the  cards  in  the  set.  They  were  also  told  that  they  would 
be  tested  later  to  find  out  how  much  they  remembered. 

The  cards  were  shown  one  at  a  lime  for  four  seconds  each,  the 
time  being  regulated  by  a  metronome  set  at  60.  After  the  entire 
series  had  been  presented,  half  of  each  card  was  shown  and  the  child 
was  asked  to  write  the  number  that  ' '  went  with ' '  the  picture.  The 
responses  were  checked  immediately  by  the  experimenter.  Any 
cards  to  which  the  correct  response  had  been  given  were  removed 
from  the  series  which  was  then  presented  again.  The  pairs  learned 
on  the  second  and  each  succeeding  trial  were  removed  as  they  were 
learned.  This  procedure  was  continued  until  the  child  had  given 
the  correct  response  to  about  ten  cards,  which  was  the  average  num- 
ber learned  in  the  previous  experiment  (page  43).  The  number  of 
trials  to  attain  ten  or  as  near  as  possible  to  ten  responses  was  the 
measure  of  speed  of  learning. 

This  procedure  allowed  no  opportunity  to  overlearn  any  pair. 
The  child  was  told  that  the  cards  to  which  he  had  given  the  right 
response  had  been  removed  before  the  remaining  cards  were  shown 
again. 

After  48  hours  retention  was  tested.  Only  those  cards  to  which 
the  child  had  given  the  correct  response  during  the  learning  period 
were  shown  to  him  in  the  retest.     The  retention  of  the  material  was 
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tested,  first,  by  showing  only  the  picture  and  having  the  child  write 
the  number  that  "went  with"  it.  The  cards  were  shown  then  so 
that  the  child  could  see  both  associates  and  hence  relearn  the  mate- 
rial. The  cards,  to  which  the  correct  response  was  given,  were  not 
removed  this  time  but  the  series  of  cards  which  had  been  learned  in 
the  original  testing  was  repeatedly  presented  and  tested  until  all 
responses  were  correct.  This  offers  an  opportunity  to  overlearn  just 
as  does  the  method  of  Equal  Amount  Learned  but  overlearning  at 
this  time  would  not  affect  the  results  as  retention  was  not  tested 
again. 

5.    Results 

The  learning  scores  obtained  were  the  number  of  trials  to  learn 
approximately  ten  responses.  This  could  not  be  absolutely  con- 
trolled ;  but  since  the  range  of  scores  was  from  9  to  11,  the  average 
being  9.88  with  S.D.  =  .65,  the  group  was  very  homogeneous  in 
amount  of  material  learned  originally.  The  retention  scores  were 
(1)  the  number  of  pairs  recalled  when  tested  after  the  48  hour  inter- 
val; and  (2)  the  number  of  trials  to  relearn.  Since  all  the  subjects 
had  learned  so  nearly  the  same  number  of  pairs,  it  was  possible  to 
use  the  proportion  retained,  as  the  average  could  be  used  as  the  base 
for  all  subjects.  The  results  for  each  subject  are  shown  in  Table 
XX.  The  per  cent  retained  is  given  first  as  figured  on  the  basis  of 
the  average  number  of  pairs  learned  (9.88).  In  parentheses  is  the 
per  cent  retained  of  the  number  of  pairs  actually  learned  by  each 
child.  The  figures  differ  very  little,  of  course,  as  they  were  com- 
puted on  practically  the  same  base  and  the  first  ones  have  the  advan- 
tage of  being  figured  from  the  same  point. 

The  two  cases  at  ±  2  sigma  were  combined  with  the  ±  1  sigma 
groups,  to  give  three  groups  differentiated  on  the  basis  of  ability  to 
learn.  The  slow  learners  range  from  the  lowest  score  to  -  1  sigma ; 
the  average  from  - 1  sigma  to  + 1  sigma ;  the  fast  group  from  + 1 
sigma  to  the  highest  score.  The  average  learning,  retention  and 
relearning  scores  for  the  three  groups  are  given  in  Table  XXI. 

The  reliability  of  the  differences  among  the  different  groups  in 
retention  scores  (Table  XXII)  was  calculated  by  the  method  of 
critical  ratio  and  by  Fisher's  method  (4).  "Whichever  measure  of 
retention  we  employ,  we  find  the  same  results.  There  is  a  reliable 
difference  between  the  slow  and  average  learner  and  between  the 
slow  and  fast  learner,  the  faster  learner  consistently  having  the  bet- 
ter retention.    The  differences  between  the  average  and  fast  learner 
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TABLE  XX 

Method  op  Adjusted  Learning 

Individual  learning  and  retention  scores  of  25  children* 

Average  number  of  trials  to  learn  =  9.SS.  a  =  -65 


Learning 

Retention 

Eelearning 

Group 

Subject 

X  umber 

X  umber 

X  umber 

%  of     %  of 

X  umber 

Number 

Trials 

Pairs 

Pairs 

Avg.    Actual 

Trials 

-8a 

1 

9 

9 

1 

10.12   (11.10) 

3 

-la 

a 

5 

11 

•-> 

20.24   (18.20) 

4 

5 

11 

••> 

20.24   (1S.20) 

3 

4 

5 

10 

1 

10.12   (10.00) 

5 

5 

5 

11 

3 

30.36   (27.30) 

2 

6 

6 

10 

0 

0       (     0    ) 

4 

: 

5 

11 

3 

30.36   (27.30) 

3 

Average 

s 

4 

10 

1 

10.12   (10.00) 

2 

9 

4 

9 

30.36   (33.33) 

2 

10 

4 

10 

4 

40.48   (40.00) 

3 

11 

3 

9 

3 

30.26   (33.33) 

3 

12 

3 

9 

4 

40.4S   (44.40) 

o 

a 

13 

4 

9 

0 

0       (     0    ) 

4 

14 

4 

10 

4 

40.48   (40.00) 

2 

15 

4 

9 

•i 

20.24    (22.20) 

16 

4 

10 

6 

60.72   (60.00) 

4 

17 

4 

10 

1 

10.12   (10.00) 

3 

18 

3 

10 

6 

60.72   (60.00) 

1 

la 

19 

3 

10 

3 

30.36   (33.33) 

1 

20 

3 

10 

— 
i 

70.S4   (70.00) 

1 

21 

3 

9 

2 

20.24   (22.20) 

3 

22 

3 

10 

g 

20.24   (20.00) 

4 

23 

3 

10 

9 

20.24   (20.00) 

O 

24 

3 

10 

4 

40.48   (40.00) 

3 

2a 

_       25 

o 

10 

7 

70.84   (70.00) 

1 

*  Group  of  25  children  selected  pro  rata  from  entire  distribution  for  method 
of  Equal  Opportunity  To  Learn.     See  page  47. 

are  not  reliable  either  by  Fisher's  method  or  the  method  of  critical 
ratio  (Table  XXII). 

This  experiment  substantiates  our  earlier  tentative  conclusions. 
The  slow  learner  retains  less  than  the  average  or  fast  learner 
"whether  the  measure  of  retention  is  (1)  number  of  pairs  retained; 
(2)  proportion  retained;  or  (3)  number  of  trials  to  relearn.  The 
slow  learner  when  given  sufficient  time  to  learn  the  same  amount  as 
the  fast  learner,  but  not  allowed  to  overlearn  the  material,  is  not  able 
to  retain  as  much  as  the  fast  learner.  Apparently,  the  advantage 
which  the  slow  learner  often  seems  to  have  comes  entirely  from  the 
fact  that  through  longer  and  more  assiduous  application,  he  learns 
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TABLE  XXI 

Method  or  AMVfBD  Learning 
Average  learning,  retention  and  relearning  scores  for  slow,  average 

and  fast  learn 


Slow 

Average 

Fast 

Mean 

a 

Mean 

o 

Mean 

a 

Learning 

Number  of  trials 

5.71 

1.38 

.44 

2.86 

- 

Number  of  pair 

10.43 

P  M 

.50 

9.86 

Retention 

Number  of  pairs 

1.71 

1.03 

3.09 

1.88 

3.86 

2.10 

Per  cent  of  average 
learned  by  group 

17 

10.42 

31.27 

19.03 

39.03 

21.25 

Relearning 

Number  of  trials 

3.43 

.90 

2.54 

.88 

2.14 

1.12 

TABLE  XXII 

Method 

or  Adjusting  Learning 

Reliability  of  differences  in  retention  for  slow,  average  and  fast  learners 

Retention  measured  in  CI)  number  of  pairs  retained,  (2)  percentage  retained  of 

average  numbers  of  pairs  learned  and  (3)  number  of  trials  to  relearn 

Negative  quantities  indicate  that  slower  learner  has  larger  score. 

Positive  quantities  indicate  that  faster  learner  has  larger  score. 


Differ- 
ence 


Method  of 
Critical  Ratio 


Ftiher'x  Method 


h  n 


Chancer 

dit-     aignif. 


(1)  Number  of  pairs  retained 

Average-slow  learners 1.38 

Fast-average    77 

Fast-slow    2.15 

(2)  Percentage  retained  of  aver- 
age number  of  pairs  learned 

Average-slow  13.93 

Fast-average    7.75 

Fast-slow    21.68 

(3)  Number  of  trials  to  relearn 

Average-slow   -  .88 

Fast-average    - -  .41 

Fast-slow  -1.29 


2.00  98 

.78  78 

2.42  99.2 


2.00 

.78 

2.42 


2.05 

.84 

2.39 


98 
78 
99JZ 


98 
80 
99.2 


1.6804       .1 

.7626       .5 

2.2597       .05 


1.6754 

.7597 

2.2446 


1.9251 

.8073 

2.1939 


.1 
.5 
.05 


.05 
.4 

.05 


*  P  of  .05  or  less  is  clearly  significant. 

at  least  parts  of  the  material  to  a  greater  degree  than  the  fast 
learner.  He,  therefore,  has  the  advantage  in  retention  and  hence 
saves  more  in  relearning. 
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There  seems  to  be  much  less  difference  in  retention  between  the 
average  learner  and  the  fast  learner  than  between  the  slow  and  fast 
learner  or  slow  and  average  learner.  The  tendency,  however,  is 
decidedly  toward  better  retention  by  the  faster  learner. 

It  is  probable  that  intelligence  determines  in  some  degree  the 
speed  of  learning  and  degree  of  retention.  We  were  able  to  test  this 
hypothesis  for  a  part  of  our  group.  Intelligence  quotients  from 
Illinois  Intelligence  Test  were  available  for  53  of  the  children  who 
served  as  subjects  in  the  experiment  with  the  method  of  Equal 
Opportunity  To  Learn.  These  I.Q.'s  were  correlated  with  the  num- 
ber of  pairs  learned  of  each  type  of  material  (page  43).  The  corre- 
lations are  given  in  Table  XXIII.     The  average  correlation  of  .22 

TABLE  XXIII 

Number  of  Pairs  Eecalled  Immediately  in  Method  of  Equal  Opportunity 
to  Learn  Correlated  with  Intelligence  Quotients 


,,   .     .7  Number  of 

Material  ~  ,  .     .    ' 

Subjects 


Correlations 


Word-word  

53 

Picture-number    

Color-letter     

53 
53 

Form-word   

53 

Face-name    

53 

.36  ±  .01 
.08  ±  .09 
.10  ±  .09 
.33  ±  .08 
.25  ±  .09 


indicates  a  positive  relation  between  speed  of  learning  and  intelli- 
gence but  the  relation  is  not  high.  Other  investigators  have  found 
a  low  positive  correlation  between  quickness  and  intelligence  (35) 
and  also  between  capacity  to  learn  and  intelligence  (14). 


SUMMARY  AND  CONCLUSIONS  FROM  CHAPTERS 

II,  III,  AND  IV 

1.  The  results  from  the  methods  of  Equal  Amount  Learned  and 
Equal  Opportunity  To  Learn  are  affected  by  the  conditions  inherent 
in  the  methods :  Equal  Amount  Learned  by  the  factor  of  overlearn- 
ing  which  favors  the  slow  learner1 ;  and  Equal  Opportunity  by  the 
advantage  to  the  fast  learner  of  learning  more  pairs  in  a  constant 
time.  The  method  of  Adjusted  Learning  avoids  both  of  these  diffi- 
culties. The  following  conclusions  are  restricted  to  learning  and 
retention  of  visually  presented  material  which  is  not  meaningful. 

2.  Results  from  the  method  of  Equal  Amount  Learned  are  as 
follows : 

a.  Correlations  of  number  of  trials  to  learn  and  number  of 
trials  to  relearn,  although  small,  are  all  positive,  showing  that 
the  fast  learner  is  the  better  relearner  and  hence  may  have  better 
retention. 

b.  Correlations  of  number  of  trials  to  learn  with  number  of 
pairs  retained  are  small,  unreliable  and  negative,  but,  consider- 
ing the  experimental  conditions,  give  slight  evidence  for  the  con- 
clusion that  the  fast  learner  is  the  better  retainer. 

c.  Comparisons  of  retention  of  the  subdivisions  differenti- 
ated on  the  basis  of  learning  ability  yield  the  following  results : 

( 1 )  The  number  of  trials  to  relearn  is  smaller  for  the  fast 
learner  than  for  the  slow  learner. 

(2)  Items  learned  per  trial  and  items  relearned  per  trial 
indicate  that  the  fast  learner  is  more  efficient. 

(3)  In  terms  of  absolute  number  of  pairs  lost  in  the  five- 
day  interval  and  also  the  proportion  of  pairs  lost,  the  slow 
learner  loses  significantly  more  than  the  fast  learner  although 
the  slow  learner  would  be  expected  to  have  an  advantage 
from  overlearning  parts  of  the  material.  This  is  true  for 
both  original  and  sigma  scaled  scores. 

3.  With  the  method  of  Equal  Opportunity  To  Learn,  the  results 
show: 

a.  Correlations  of  the  number  of  pairs  learned  with  the  num- 
ber of  pairs  lost  in  the  48  hours  interval  indicate  that  the  fast 
learner  loses  more  than  the  slow  learner,  but  since  he  has  learned 
more,  this  is  not  conclusive. 


1  Fast,  average  and  slow  learner  defined  in  footnote  on  page  5. 
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b.  Correlations  of  number  of  pairs  learned  with  number  of 
pairs  retained  after  48  hours  show  that  the  fast  learner  retains 
more,  but  this  again  is  difficult  to  interpret  because  of  the  experi- 
mental conditions. 

c.  In  original  and  sigma-scaled  scores  the  subdivision  which 
contains  the  fast  learners  loses  more  in  absolute  score  during  the 
interval  than  the  slow  learner  who,  however,  has  learned  less. 

d.  In  relation  to  the  amount  he  has  learned,  the  fast  learner 
loses  from  10  to  25  per  cent  less  than  the  slow  learner  in  original 
scores. 

e.  In  the  sigma-scaled  scores,  the  fast  learner  loses  12  and  17 
per  cent  less  than  the  slow  learner  in  two  cases  and  in  the  other 
three  cases  about  the  same  proportion  is  lost  by  both  groups. 

4.  The  method  of  Adjusted  Learning  in  which  all  subjects  learn 
the  same  amount  of  material  and  no  one  has  an  opportunity  to  over- 
learn,  gives  clear  evidence  that  the  fast  learner  retains  more  of  the 
material  for  the  same  length  of  time  in  terms  of  ( 1 )  number  of  pairs 
retained,  (2)  proportion  of  pairs  retained,  and  (3)  number  of  trials 
needed  to  relearn. 

5.  We  conclude,  therefore,  that  the  three  methods  do  not  contra- 
dict each  other  and  indicate  clearly  that  the  fast  learner  is  the  better 
retainer. 
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$1.00. 

129.  Educational  Success  and  Failure  in  Super- 
normal Children:  J.  Reoensburg.     $1.75. 

130.  Effect  of  Practice  on  Visual  Perception  of 
Form  :  J.  P.  Seward.     $1.00. 

131.  Relation  to  College  Grades  of  Factors 
other  than  Intelligence :  D.  Harris.     80c. 

132.  Psychological  Differences  Between  "Racial" 
and  National  Groups :  O.  Klineberg. 
$1.00. 

133.  Emotional  Diff.  of  Delinquent  and  Non- 
Delinquent   Girls :   A.   Courthial.     $1.25. 

134.  Learning  and  Retention  of  Pleasant  and 
Unpleasant  Activities :  H.  Cason.     $1.25. 

135.  Investigation  of  Brightness  Constancy  :  R. 
B.  MacLeod.     $1.25. 

136.  The  Rorschach  Test  Applied  to  Feeble- 
Minded  Group :  S.  J.  Beck.     $1.00. 

137.  Retention  after  Intervals  of  Sleep  and  of 
Waking :  E.  B.  van  Ormer.     $1.00. 

138.  Stimulus  Temperature  and  Thermal  Sen- 
sation :  F.  Heiser.     $1.00. 

139.  Energy  Cost  Measurements  on  Curve  of 
Work  :  H.  J.  Schubert.     $1.00. 

140.  Technique  for  the  Measurements  of  Atti- 
tudes :  R.  Likert.     80c. 

141.  Speed  Factor  in  Mental  Tests :  P.  H.  Du- 
bois.    80c. 

142.  Further  Studies  on  the  Memory  Factor: 
A.  Anastasi.     $1.00. 

143.  An  Experimental  Study  on  Variability  or 
Learning :  S.  E.  Asch.     $1.00. 

144.  Inventory  for  Measurement  of  Inferiority 
Feelings.     R.  B.  Smith.     $1.50. 

145.  The  Psychological  Effects  of  Oxygen  Dep- 
rivation :  R.  A.  MacFarland.     $1.50. 

146.  Relation  of  Subliminal  to  Supraliminal 
Learning :  O.  A.  Simley.     80c. 

147.  Effects  of  Noise  upon  Certain  Psychologi- 
cal Processes :  F.  L.  Harmon.     $1.25. 

148.  Conditioned  Responses  in  Children :  G.  S. 
Razran.     $1.50. 

149.  Resemblance  of  Parents  and  Children  in 
Intelligence:    M.    C.    Outhit.     $1.00. 

150.  Influence  of  Oral  Propaganda  Material 
upon  Attitudes :  K-C.  Chen.     80c. 

151.  Negative  or  Withdrawal  Attitude:  H. 
Pallister,      80  c 

152.  Judgment  in  Absolute  Units  as  a  Psycho- 
physical Method :  J.  Bressler.     $1.00. 

153.  Visual  Illusions  in  the  Chick :  C.  N.  Win- 
slow.     $1.25. 

154.  Measuring  Teaching  Efficiency  Among  Col- 
lege Instructors  :  G.  W.  Hartmann.     80c. 

155.  Psychogalvanic  Responses  in  Arithmetical 
Work  :  R.  Sears.     $1.00. 

156.  Group  Factors  in  Mental  Tests  :  M.  Smith. 
$1.00. 

157.  .  .  .  Brightness  Discrimination  Habit  in 
the  Chick :  A.  B.  Wood.     80c. 


158.  Accuracy  of  perception  of  visual  musical 
stimuli :  A.  Roe.     $1.00. 

159.  Effect  of  Practice  Upon  Individual  Differ- 
ences :  R.  E.  Perl.     $1.00. 

160.  Antagonistic  Muscle  Action  During  the  In- 
itiatory Stages:  D.  J.  Wilson.     $1.00. 

161.  Verbal,  Numerical  and  Spatial  Abilities  of 
Young  Children  :  B.  Schiller.     $1.00. 

162.  Organization  of  Memory  in  Young  Chil- 
dren :  A.  I.  Bryan.     $1.00. 

163.  Self-Estimates  of  Improvement  in  Re- 
peated Tasks  :  N.  Kneeland.     $1.25. 

164.  Biochemical  Study  of  the  Metabolism  of 
Mental   Work :   H.   Goldstein.     $1.00. 

165.  Attitudes  and  Unemployment :  O.  M.  Hall. 
$1.00. 

166.  Change  of  Socio-Economic  Attitudes 
under  Motion  Picture  Propaganda :  S.  P. 
Rosenthal.     80c. 

167.  Methodology  of  the  Digit-Span  Test :  J.  G. 
Peatman  &  N.  M.  Locke.     80c. 

168.  Effect  of  Repetition  on  Reactions  to  Elec- 
tric Shock  :  J.  &  G.  Seward.     $1.50. 

169.  Experimental  Comparison  of  the  Speech, 
the  Radio,  and  the  Printed  Page  .  .  .  : 
W.  H.  Wilke.     80c. 

170.  The  P&„  iiophysical  Measurement  of  Vis- 
ual Sensitivity :  F.  C.  Thorne.     $1.00. 

171.  The  Psychological  Analysis  of  Fashion 
Motivation  :  E.  D.  Barr.     $1.25. 

172.  The  Relation  between  Basal  Metabolism 
and  Mental  Speed :  J.  Steinberg.     80c. 

173.  Written  Composition  &  Characteristics  of 
Personality :  Allpobt,  Walker  &  Lath- 
ers.    $1.25. 

174.  Block  Building  Activities  of  Young  Chil- 
dren :  F.  M.  Guanella.     $1.25. 

175.  Goodenough  Drawings  in  Relation  to  De- 
linquency ...    :  W.  E.  Hinrichs.     $1.25. 

176.  Age  Factor  in  Mental  Organization :  H.  E. 
Garrett,  A.  I.  Bryan  &  R.  E.  Perl.     80c 

177.  Race  Differences  in  Mental  and  Physical 
Traits :  R.  N.  Franzblau.     80c. 

178.  Creative  Thought  in  Poets :  C.  Patrick. 
$1.00. 

179.  Photometric  Study  of  the  Perception  of 
Object  Color :  R.  H.  Henneman.     $1.25. 

180.  The  Spread  of  the  Influence  of  Reward  to 
Bonds  Remote  in  Sequence  and  Time :  H. 
Brandt.     80c. 

181.  Confirmation  and  Information  in  Rewards 
and  Punishments :  J.  Eisenson.     80c. 

182.  Auditory  Threshold  in  Reverie:  M.  R. 
Bartlett.     80c. 

183.  Factors  Related  to  Muscular  Tension :  B. 
H.  Henley.     80c. 

184.  Effect  of  Context  upon  Perceptual  Differ- 
entiation :  J.  P.  Foley.     $1.00. 

185.  Study  of  .  .  .  Differences  in  Criminal 
Tendency :  E.  H.  Stofflet.     $1.00. 

186.  Individual  Differences  in  Work  Curves :  E. 
S.  Marks.     $1.00. 

187.  Study  of  Some  Social  Factors  in  Percep- 
tion :  M.  Sherif.     $1.00. 

188.  Mental  Efficiency  in  Senescence:  J.  G. 
Gilbert.     $1.00. 

189.  Child's  Report  of  Psychological  Factors 
in  the  Family :  R.  S.  Hayward.     $1.25. 

190.  The  Interpretation  of  Questionnaire 
Items :  A.  L.  Benton.     80c 

191.  Conditioned  Responses:  G.  H.  S.  Razran. 
$1.50. 

192.  Experimental  Study  of  the  Day  and  Night 
Motility:  J.  D.  Page.     80c. 

193.  Color  Constancy  in  the  Rhesus  Monkey 
and  in  Man :  N.  M.  Locke.     80c. 

194.  Development  of  Attitude  Toward  the 
Negro :  E.  L.  Horowitz.     80c. 

195.  Change  in  Mental  Organization :  S.  E. 
Asch.     $±m.  -   £TO 

196.  Experience  in  Perceiving  Verbal  and  Geo- 
metric Contexts:  J.  H.  Sanders.     $1.00. 

197.  Difficulty  of  Mental  Tests  on  Patterns 
of  Mental  Organization :  M.  Hertzman. 
$1.00. 

198.  Learning  and  Retention :  A.  L.  Gillette. 
$1.00. 
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American  Journal  of  Psychology — Ithaca,  N.  Y. ;  Cornell  UniversF 

Subscription  $6.50.     624  pages  annually.     Edited  by  M.  L.  WasE&urn,  K 

Madison   Bentley,    and   E.    G.   Boring.     Quarterly.     General    and   eYne>iT»ftn tar—tut 1 1  X&nffl7 

Founded  1887. 

Journal  of  Genetic  Psychology — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $14.00  per  yr. ;  $7.00  per  vol.  1,000  pages  ann.  (2  vols.)  Edited  by  Carl 
Murchison.  Quarterly.  Child  behavior,  animal  behavior,  and  comparative  psychology. 
Founded  1891. 

Psychological  Review — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $5.60.  540  pages  annually.  Edited  by  Herbert  S.  Langfeld.  Bi-monthly. 
General  psychology.     Founded  1894. 

Psychological  Monographs — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $6.00  per  vol.  500  pages.  Edited  by  Joseph  Peterson.  Without  fixed  dates, 
each  issue  one  or  more  researches.     Founded  1895. 

Psychological  Index — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $4.00.  400-500  pages.  Edited  by  Walter  S.  Hunter  and  R.  R.  Willoughby.  An 
annual  bibliography  of  psychological  literature.     Founded  1895. 

Psychological  Bulletin — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $6.00.  720  pages  annually.  Edited  by  John  A.  McGeoch.  Monthly  (10  num- 
bers).   Psychological  literature.     Founded  1904. 

Archives  of  Psychology — New  York,  N.  Y. ;  Columbia  University. 

Subscriptions  $6.00.  500  pages  per  volume.  Edited  by  R.  S.  Woodworth.  Without  fixed 
dates,  each  number  a  single  experimental  study.     Founded  1906. 

Journal  of  Abnormal  and  Social  Psychology — Eno  Hall,  Princeton,  N.  J. ;  American  Psycho- 
logical Association. 

Subscription  $5.00.  448  pages  annually.  Edited  by  Henry  T.  Moore.  Quarterly.  Abnormal 
and  social.     Founded  1906. 

Psychological  Clinic — Philadelphia,  Pa. ;  Psychological  Clinic  Press. 

Subscription  $3.00.  288  pages.  Edited  by  Llghtner  Witmer.  Without  fixed  dates.  (Quar- 
terly).    Orthogenics,  psychology,  hygiene.     Founded  1907. 

Journal  of  Educational  Psychology — Baltimore ;  Warwick  &  York. 

Subscription  $6.00.  720  pages.  Monthly  except  June  to  August.  Edited  by  J.  W.  Dunlap, 
P.  M.  Symonds  and  H.  E.  Jones.     Founded  1910. 

Psychoanalytic  Review— Washington,  D.  C. ;  3617  10th  St.,  N.  W. 

Subscription  $6.00.  500  pages  annually.  Edited  by  W.  A.  White  and  S.  E.  Jeliffe.  Quarterly. 
Psychoanalysis.    Founded  1913. 

Journal  of  Experimental  Psychology — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $7.00.  900  pages  annually.  Experimental  Bimonthly.  Edited  by  S.  W.  Fern- 
berger.     Founded  1916. 

Journal  of  Applied  Psychology — Indianapolis ;  C.  E.  Pauley  &  Co. 

Subscription  $5.50.    600  pages  annually.    Edited  by  James  P.  Porter,  Ohio  University. 
Anthens,  Ohio.    Bi-monthly.    Founded  1917. 

Journal  of  Comparative  Psychology — Baltimore,  Md. ;  Williams  &  Wilkins  Company. 

Subscription  $5.00  per  volume  of  450  pages.  Ed.  by  Knight  Dunlap  and  Robert  M.  Yerkes. 
Two  volumes  a  year.     Founded  1921. 

Comparative  Psychology  Monographs — Baltimore,  Md. ;  The  Johns  Hopkins  Press. 

Subscription  $5.00.  400  pages  per  volume.  Knight  Dunlap,  Managing  Editor.  Published 
without  fixed  dates,  each  number  a  single  research.     Founded  1922. 

Genetic  Psychology  Monographs — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $7.00  per  vol.  Bi-monthly,  one  volume  per  year.  Edited  by  Carl  Murchi- 
son. Each  number  one  complete  research.  Child  behavior,  animal  behavior,  and  comparative 
psychology.     Founded  1925. 

Psychological  Abstracts — Eno  Hall,  Princeton,  N.  J. ;  American  Psychological  Association. 
Subscription  $6.00.     700  pages  ann.     Edited  by  Walter  S.  Hunter  and  R.  R.  Willoughby. 
Monthly.    Abstracts  of  psychological  literature.    Founded  1927. 

Journal  of  General  Psychology — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $14.00  per  yr. ;  $7.00  per  vol.  1,000  pages  ann.  (2  vols.)  Edited  by  Carl 
Murchison.  Quarterly.  Experimental,  theoretical,  clinical,  and  historical  psychology. 
Founded  1927. 

Journal  of  Social  Psychology — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $7.00.  500  pages  annually.  Edited  by  John  Dewey  and  Carl  Murchison.  Quar- 
terly.   Political,  racial,  and  differential  psychology.     Founded  1929. 


